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7. BACKGROUND AND PROBLEM
The genesis for roentgenographic cephalometry was in the
physical anthropologist’s concern for quantifying shape and size of
the head as well as the skull. A transformation of direct physical
anthropometric measurements from the skull as applied to the living
led to the simultaneous development of the cephalostat by
BroadbentI and by Hofrath2 in 1931. With the introduction of the
cephalostat, roentgenograPhic cephalometry in conjunction with
clinical analysis have impacted orthodontic community in diagnosis,
treatment planning, as well as, in quantitative analysis of facial
growth and development. Since then, its limitless potential for
both in treatment planning as well as in monitoring of change has
been recognized by numerous other disciplines. Many new
applications of cephalometry have continued to emerge, but it must
be remembered that it is but a tool, that it cannot exceed its
inherent limitations, and that its maximum usefulness is largely
dependent on the sensitivity of the user’s interpretation and on
the reliability of his judgement.
The importance of skeletal and soft tissue facial drape in
creating facial harmony and balance have been recognized since the
Renaissance. Throughout history, attempts have been made to
quantitate ideal facial proportions. The importance of skeletal
and soft tissue analysis in orthodontic/orthognathic diagnosis and
treatment planning cannot be overemphasized, and with the increase
in sophistication for correction of multiple facial anomalies,
craniofacial deformities, and for minor facial discrepancies, the
application of quantitative data of facial proportions and profile
indices have become invaluable tools for treatment planning.
Because roentgenographic cephalometry is a two dimensional
representation of a three dimensional craniofacial complex,
Broadbent and Bolton2 recommended that the skeletal landmarks in
the lateral headfilm be coordinated with the posteroanterior
headfilm to correct for projective distortion. Therefore, an
Orientator was introduced which was an acetate overlay placed over
the two films superimposed along the Frankfort horizontal plane.
Although the Orientator reconstructed landmarks determined from the
lateral and postero-anterior headfilms back into three-dimensional
points in space, its usefulness was not widely accepted by the
orthodontic community. In addition to the inherent problems and
limitations associated with the Orientator, most of the cases
encountered by clinicians were symmetric, and conventional lateral
cephalogram alone with normative standards were able to provide
adequate information for diagnosis and treatment planning.
Alth6ugh over the years many quantitative data on facial
proportions and profile indices have been obtained fromlateral and
frontal cephalometric radiographs, the limitations of these
cephalograms as valid clinical tools cannot be ignored. In fact,
subsequent studies9-16 have shown errors associated with projective
distortion, size distortion, errors in position, landmark
identification, tracing errors and errors in interpretation.
Others went further to question the validity of cephalometric
conventions which they felt had no clear basis for either biology
or biometrics and which they felt had conceptual as well as
technical handicaps. Moyers and Bookstein indicated that there was
no theory in cephalometrics, only conventions that indicated
landmarks, curves, and angular and linear measurements. They felt
that these measurements did not capture complex changes of curves
and form, of landmark movement and landmark redefinition, of
changes in size and direction of change, and led to
misrepresentation of growth.
Since the invention of the cephalostat, many have attempted to
correct for projective distortion as well as to improve on the
reliability of measurements. Adams5 standardized projective
distortions at various target-film distances for every
cephalometric point. Wylie6 designed a compensator to correct for
projective distortion on the postero-anterior film. By looking at
the geometric variation of midsagittal plane to central ray, Gron
concluded that errors of positioning of the order of 5 degrees or
less were negligible. Although Brodie7 concluded that the errors
found were within the allowed limits of scientific accuracy,
Salzmann8 noted that the validity of many cephalometric analysis
have not been substantiated. Subsequant studies have shown
significant improvements in the reliability of measurements could
be made by replication of landmarks and by avoidance of any
landmarks that show a greater scatter, or unreliability.
In the normal craniofacial complex, an absolute symmetry does
not exist; there are differences in varying degree of severity of
the right and the left halves. Artists from the Renaissance and
the Greeks have sought to capture Nature by reflecting in their
creative works asymmetries. Biologists, anatomist, and
anthropologists have shown asymmetries of function and form in
their study of the animal kingdom. Roentgenographic studies have
further revealed the presence of asymmetry in the normal
17-20craniofacial complex.
Numerous methods of assessing facial asymmetry have been
suggested by orthodontists, orthognathic surgeons and plastic
surgeons21-26, however, a simple method to accurately determine the
sites of asymmetry of the craniofacial complex has not been yet
available. Although the conventional cephalograms have provided
some data on asymmetry, they have provided rather limited and
mostly qualitative data in the assessment of craniofacial anomalies
and facial asymmetries. While the three-dimensionality of the
skull was obvious, cephalometric schemes relied on two-dimenisonal
roentgenographs or, at best, orthogonal two-dimensional
radiographs. The two dimensional nature of the cephalogram
required that the anatomic landmarks of the left and the right
halves be of mirror images of each other at the midsagittal plane,
and such could not be acheived with patients with facial asymmetry.
Mulick23 in 1965 reported that besides the size distortion as a
source of error in the roentogenographic assessment of asymmetry,
there was also a positional error in the orientation of the subject
to the head holder. Grayson et a122 argued that owing to the beam
geometry, lateral headfilm alone was inadequate to determine and to
measure facial asymmetry.
In recent years, many have pursued new resources and
27-68techniques to replace or supplement the standard cephalogram.
One simple approasch was medical photogrammetry. Medical
photogrammetry35-38, or measurements from standard photographs of
the face, has been used widely to obtain quantitative data on
facial proportions and profile indices. Many have obtained
aesthetic standards from studies of paintings, sculptures and
beauty-queens. 39-42 Tanner43 used standardized photographs for
quantitative analysis of the face. He found that the greatest
source of error in photogrammetry was in posing. Farkas44 studied
the reliability of indirect measurements by comparing the results
of photogrammetry to that of direct anthropometric measurements.
He found that distortions and two-dimensional nature of the
photographs accounted for the greatest sources of error between the
two measurements.
Photocephalometry by Hohl and associates33 was an attempt to
obtain a more accurate and detailed information of soft tissues in
both frontal and lateral head views by superimposition of
coordinated headfilms with photographs. The basic assumption
behind this method was that the photographic images placed on
patient’s skin could be accurately superimposed on the
corresponding markers on the cephalogram and could provide
additional quantifiable data of soft tissues not obtainable on the
standard cephalometric film. A study by Phillips, and associates34
however indicated that the differences in the enlargement factors
between the photographic and radiographic images were significant
enough to question the validity of quantitative comparisons of
superimposition of the two images.
Recently, anthropometry, a physical anthropological
methodology developed many centuries ago, has become a valuable
clinical tool for measurements of the face. 45-48 Physical
anthropometric measurements quantitated the relationship of the
underlying bony skeletal architecture to the soft tissue drape by
direct measurments of the face. Farkas quantitated and determined
normative standards of ideal facial proportions for North-American
Caucasians using anthropometric measurements.
Coplanar stereometry has been used as a standard procedure for
making terrestrial maps from aerial photographs since the early
1900’s. The same principle has been used for making quantitative
measurements of the face using coplanar roentgenographic
cephalometrics. The first clinical use of the stereophotogrammetry
was by Thalmaan-Degen in 1944, who studied facial growth changes
due to growth and orthodontic treatment. 49 Others have followed
suit, studying growth changes, anthropometry and different
50-52treatment modalities using stereophotogrammetry.
Stereophotogrammetry allowed for measurement of three-dimensional
objects without the posing error found in photogrammetry. 53-55
Baumrind- and associates, produced a three-dimensional x-ray
stereometry from paired coplanar images which merged three-
dimensional coordinate data from head films, study casts, and
facial photographs. 3,31 Although the strength of the mathematical
solution was somewhat reduced by coplanar geometry, the significant
reduction in error in landmark identification outweighed its
weaknesses.
In a reimplimentation of the original ideal of Broadbent and
Bolton, a computer aided 3-dimensional cephalometrics based on 2-
dimensional cephalograms had been described by Cutting and
associates. 67-68 By intersecting two lines determined from relating
a postero-anterior and lateral headfilms, a 3-dimensional landmark
has been determined. Although this method was ideal for those
landmarks that were easily identifiable in both cephalograms, it
was unsuitable for those landmarks that did not actually lie on the
skeleton. For those landmarks, a point and a plane were used
instead. Grayson et. al. in 1988 produced three dimensional
relationships of points by integrating lateral, posteroanterior and
basilar cephalograms. 68
Other methods such as morphanalysis57-60 mesh grid analysis61
implant studies62 finite element method63 and computerized
tomography64 have been used as alternative methods for obtaining
measurements of the face. Rabey used morphanalysis to study
craniofacial disharmony. 57-60 Morphanalysis was a three-dimensional
analytical and a statistical approach to study craniofacial
morphology. Mulick23 and Savara65 related anatomical points to an
external three-dimensional grid system and computerized their
readings. Rune and associates62 used implants to study changes in
position of various skull components by determining the position of
the implants from two sets of cephalograms. Finite element method,
a method developed in engineering for the modeling of a material’s
response to stress and strain have been used in modeling the skin
response underlying bony changes. 63 Moyers and Bookstein proposed
several new techniques using computational geometry to handle
curves, such as tangents and curvatures, Blum’s medial axis
("skeleton") and biorthogonal grids. Marsh and Vannier used 3-
dimensional imaging of craniofacial anomalies using computerized
tomography. 66 They used three principal directions- mirror
imaging, model making, and the adaptation of commercial computer-
aided design software. Mirror imaging compared the difference
between a normal and an abnormal side of the face. In model
making, a 3-dimensional models were created directly from CT scan
data. Finally, computer-aided design (CAD) software has been used
to plan complex surgical treatment. 67
Although these new methods seeked to provide three-dimensional
representation of the craniofacial complex, the drawbacks of these
approaches were numerous. In particular, the complexity and the
cost associated with these techniques made them impractical for
ordinary use. Recently, a new system has been developed to enable
clinicians to perform non-invasive and non-radiographic
cephalometric analysis. The Digigraph uses sonic digitizing
electronics to record cephalometric landmarks by lightly touching
the sonic digitizing probe to the patient and pressing the probe
bottom. The probe emits a sound and the corresponding landmark is
recorded sonically by the microphone array. One can perform
cephalometric analysis and monitor patient treatment progress as
often as you want without radiation exposure, because of the
special software that has been developed. Although there is no
normative data yet available, the obtaining of such data will not
be difficult since this procedure is noninvasive and efficient. In
addition, data collection is noninvasive and relatively efficient
with practice of the techniques involved.
It has following capabilities:
i. A landmark can be identified as a point in three-dimensional
space (x,y,z coordinates)
2. An analysis can be done independent of the head position.
3. It is capable of
a. Perpendicular projections
b. Absolute lengths and angles
i0
c. Manipulative capability in data reduction
d. Direct non-projected measurements and proportions
4. Lines and angles on facial photographs.
We have therefore decided to use this technique to determine
and to quantitate some of the components that make up facial
asymmetry in a sample of asymmetric patients.
II. SPECIFIC AIMS OF RESEARCH
The purpose of the study were as follows:
I. To develop a method for evaluating facial asymmetry in three
dimensions.
2. To determine the reproducibility of landmarks and
measurements.
3. To survey a small asymmetric sample to further evaluate
the method
4. The following were specifically studied-
a. Direct-nonprojected linear and angular measurements
b. Special features- nose, mouth
c. Bilateral symmetry
ii
III. MATERIALS AND METHODS
Subjects
An inanimate object (ie. a plastic face mask) and human
subjects were used to test for reproducibility, of measurements.
Eight subjects currently enrolled in the postdoctural training in
orthodontics at the University of Connecticut Orthodontic program
were chosen to obtain measurements of the face. They were 23-35
years of age, orthognathic, and with no obvious facial asymmetry.
Gender was not a factor in the selection process. Six additional
volunteer subjects who were considered asymmetric from left to
right by a group of orthodontists and orthognathic surgeons, and
who may undergo or did undergo orthognathic surgery for correction
of facial asymmetry at the University of Connecticut Health Center
were chosen for measurements of the face. Other criteria in the
selection process of the asymmetric sample were age group from 15-
40 and again, gender was not a criteria in the selection process.
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PROCEDURE
A. Test Instrument and Method
The Dolphin Digigraph was used to digitize each subject.
In the preliminary study to determine reproducibility of the
machine, a plastic face mask was placed and stabilized on the
headholder and and was used to digitize 49 landmarks. Landmarks
corresponding to known anatomical soft tissue landmarks were
selected and marked on the plasticmask. Some of the landmarks
selected were bilateral and some were in the midsagittal plane of
the face. In order to stabilize the probe at each landmark,
landmarks selected on the plastic face were first marked and then
drilled with a high speed hand piece with a straight bur. The
constructed holes were uniform in size and depth (imm in depth and
width) and were large enough to accomodate a digitizing probe
tip. The digitizing probe was placed liqhtly on the constructed
hole and the the probe button was pressed to emit a sound, which
was then recorded by the microphone array. The forty-nine points
that were digitized were repeated 24 times.
In part two of our study, in order to determine the
appropriateness of various landmarks and measurements, several soft
tissue landmarks were first identified on each subject and were
digitized. Those landmarks that were difficult to identify at
subsequent trials, and those that were difficult to digitize due to
location or soft tissue displacement were elliminated.
Soft tissue landmarks were first identified by visualization and
13
palpation and then marked with a permanent marking pen on the soft
tissue of the face. Each subject was then placed on the headholder
and the head was stabilized with the two ear rods and three
stabilizing rods. Each landmark was digitized with the digitizing
probe in the order in which the landmarks were depicted on the
computer screen. The marked point was lightly touched with the tip
of the sonic digitizing probe and the probe button was pressed to
emit a sound, which was then recorded by the microphone array
Each landmark was digitized a total of 5-8 times; 2-5 times at each
time period.
B. Soft tissue Landmarks
After several preliminary trials to determine the
appropriateness of various landmarks and measurements, the
following landmarks were selected. The least number of landmarks
that would answer our specific objectives were selected for the
measurements for the soft tissue frontal analysis.
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TABLE 1
SOFT TISSUE LANDMARKS
1. CondTlion laterale, right and left (cdl)
The most lateral point on the surface of the right condyle
of the mandible. It is identified by palpation at each
TMJ when the jaw is open.
2. Orbitale superius, right and left (os)
The highest point on the lower border of the eyebrow
close to the highest bony point of the upper margin
of each orbit, where the bony supraorbitale landmark is
located.
3. Orbitale inferius,, right and left (oi)
The lowest point on the lower margin of each orbit.
It is identified by palpation and is identical to the
bony orbitale.
4. Exocanthion, right and left (ex)
The point at the outer commissure of the eye fissure.
The soft exocanthion is slightly medial to the bony
exocanthion.
5. Glabella (g)
The most prominent midline point between the eyebrows and
16
TABLE 1 cont.
SOFT TISSUE LANDMARKS
is identical to the bony glabella on the frontal bone.
6. Soft tissue Nasion (n)
The point in the midline of both the nasal root and the
nasofrontal suture. The slight ridge on which it is
situated can be felt by the observer’s fingernail.
This point always is above the line that connects the
two inner canthi. The soft nasion and the bony nasion
are identical.
7. Malar point, right and left (m)
A constructed point on the line determined from a line
connecting alar base to tragus and which lie directly below
the exocanthus.
8. Pronasale (prn)
The most protruded point of the apex nasi. This point
is difficult to determine if the nasal tip is flat.
9. Subalare (sbal)
The point at the lower limit of the alar base and is the
most lateral point on the curved base line of each ala
nasi.
17
TABLE 1 cont.
SOFT TISSUE LANDMARKS
I0. Subnasale
Midpoint of the columella base at the apex of the angle
where the lower border of the nasal septum and the surface
of the upper lip meet.
11. Labiale superius (!s)
The midpoint of the upper vermilion line.
Paired points on this line that are located below the
subalaria are marked as is(prime).
12. Labiale inferius (li)
The midpoint of the lower vermilion line.
13. Chei!ion, right and left (ch)
The point located at each labial commissure.
14. Supramentale
Deepest point in midsagittal plane between labialis inferius
and pogonion.
15. Pogonion
The most anterior midpoint of the chin, located on the
skin surface in front of the identical bony landmark
18
TABLE 1 cont.
SOFT TISSUE LANDMARKS
of the mandible
16. Gonion, right (rt/o)
The most lateral point on the mandibular angle close to
the bony gonion. It is identified by palpation.
19
SOFT TISSUE FRONTAL ANALYSIS
UPPER FACE
Co
FIGURE 2
C. The Three-dimensional Soft tissue Frontal Analysis
The following frontal analysis was developed to test for
facial asymmetry"
TABLE 2a
SOFT TISSUE FRONTAL ANALYSIS
UPPER FACE LINEAR AND ANGULAR MEASUREMENTS
UPPER FACE LINEAR UPPER FACE ANGULAR
1 Co-N, right (ram) ii Co-Co-N, right (degrees)
2 Co-N, left (ram) 12 Co-Co-N, left (degrees)
3 Co-Os, right (ram) 13 Co-Co-Os, right (degrees)
4 Co-Os, left (ram) 14 Co-Co-Os, left (degrees)
5 Os-N, right (ram) 15 Co-Os-N, right (degrees)
6 Os-N, left (mm) 16 Co-Os-N, left (degrees)
7 Co-Exo, right (mm) 17 Co-Co-Exo, right (degrees)
8 Co-Exo, left (ram) 18 Co-Co-Exo, left (degrees)
9 Exo-N, right (mm) 19 Co-Exo-N, right (degrees)
i0 Exo-N, left (mm) 20 Co-Exo-N, left (degrees)
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SOFT TISSUE FRONTAL ANALYSIS
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TABLE 2b
SOFT TISSUE FRONTAL ANALYSIS
MIDDLE FACE LINEAR AND ANGULAR MEASUREMENTS
MIDFACE LINEAR MID FACE ANGULAR
21 Co-Sn, right (ram) 31 Co-Co-Sn, right (degrees)
22 Co-Sn, left (mm) 32 Co-Co-Sn, left (degrees)
23 Co-M, right (mm) 33 Co-Co-M, right (degrees)
24 Co-M, left (ram) 34 Co-Co-M, left (degrees)
25 M-Sn, right (ram) 35 Co-M-Sn, right (degrees)
26 M-Sn, left (mm) 36 Co-M-Sn, left (degrees)
27 Co-Oi, right (mm) 37 Co-Co-Oi, right (degrees)
28 Co-Oi, left (ram) 38 Co-Co-Oi, left (degrees)
29 Oi-Sn, right (mm) 39 Co-Oi-Sn, right (degrees)
30 Oi-Sn, left (ram) 40 Co-Oi-Sn, left (degrees)
23
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TABLE 2 c
SOFT TISSUE FRONTAL ANALYSIS
LOWER FACE LINEAR AND ANGULAR MEASUREMENTS
LOWER FACE LINEAR LOWER FACE ANGULAR
41 Co-Pg, right (ram) 53 Co-Co-Pg, right (degrees)
42 Co-Pg, left (ram) 54 Co-Co-Pg, left (degrees)
43 Co-Go, right (ram) 55 Co-Co-Go, right (degrees)
44 Co-Go, left (ram) 56 Co-Co-Go, left (degrees)
45 Go-Pg, right (ram) 57 Co-Go-Pg, right (degrees)
46 Go-Pg, left (ram) 58 Co-Go-Pg, left (degrees)
47 Co-Ch, right (ram) 59 Co-Co-Ch, right (degrees)
48 Co-Ch, left (mm) 60 Co-Co-Ch, left (degrees)
49 Ch-Pg, right (ram) 61 Co-Chi-Pg, right (degrees)
50 Ch-Pg, left (mm) 62 Co-Chi-Pg, left (degrees)
51 Co-Sin, right (ram) 63 Co-Co-Sin, right (degrees)
52 Co-Sin, left (mm) 64 Co-Co-Sin, right (degrees)
25
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TABLE 2d
SOFT TISSUE FRONTAL ANALYSIS
NOSE AND MOUTH
LINEAR AND ANGULAR MEASUREMENTS
NOSE LINEAR NOSE ANGULAR
65 Sbal-Pn, right (mm) 68 Sbal-Sbal-Pn, right (degrees)
66 Sbal-Pn, left (ram) 69 Sbal-Sbal-Pn, left (degrees)
67 Sbal-Sbal (ram) 70 Sbal-Pn-Sbal (degrees)
MOUTH LINEAR MOUTH ANGULAR
71 Chi-Ls, right (ram) 76 Chi-Chi-Ls, right (degrees)
72 Chi-Ls, left (ram) 77 Chi-Chi-Ls, left (degrees)
73 Chi-Li, right (ram) 78 Chi-Chi-Li, right (degrees)
74 Chi-Li, left (ram) 79 Chi-Chi-Li, left (degrees)
75 Chi-Chi (ram) 80 Chi-Ls-Chi (degrees)
81 Chi-Ls-Chi (degrees)
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TABLE 3
THE MEAN AND STANDARD DEVIATION OF 49 LANDMARKS
EACH WITH N=24, IN X, Y, Z COORDINATES (MM)
X Y Z
Mean SD Mean SD Mean SD
1
2
3
4
5
6
7
8
9
10
Ii
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
4.1
35.1
41.3
44.5
1.9
11.8
7.8
28.6
3.6
24.8
28.1
41.4
20.0
28.3
47.6
5.5
29.0
52.7
75.4
58.9
4.0
3.1
52.8
44.4
16.4
26.1
31.9
38.0
3.3
27.2
11.3
7.6
5.3
35.1
52.5
27.3
11.4
58.8
75.3
5.3
5.3
9.9
24.3
20.0
24.4
0.5
-34.3 0.5 683.6
0.4 -52.2 0.4 683.6
0.5 -8.3 0.5 707.4
0.4 12.3 0.7 725.4
0.5 31.6 0.8 685.5
0.6 16.1 0.8 699.3
0.4 28.2 0.7 697.1
0.6 47.1 0.5 697.4
O. 7 54.6 O. 6 686.3
0.5 48.5 0.5 738.0
0.5 11.5 0.5 709.7
0.3 8.2 0.4 707.5
0.6 44.6 0.6 701.9
0.5 11.5 0.6 709.8
0.6 54.9 0.6 715.2
0.5 4.0 0.9 717.2
0.6 13.0 0.8 723.1
0.8 15.2 0.9 704.8
0.5 i0.0 0.4 780.5
0.5 7.1 0.5 718.2
0.5 72.4 0.7 687.2
0.6 86.2 0.6 688.8
1.0 10.8 0.5 787.2
0.3 12.1 0.5 725.2
0.8 18.1 0.9 701.1
0.7 13.7 0.8 721.5
0.6 12.3 0.9 724.7
0.7 12.7 0.8 722.5
0.7 61.4 0.7 690.2
0.6 4.2 0.5 710.9
0.4 15.6 0.7 712.9
0.4 28.1 0.6 697.0
0.5 4.5 0.4 671.7
0.5 52.2 0.4 714.1
0.6 10.8 0.6 787.0
0.4 4.0 0.7 711.2
0.4 15.7 0.7 713.0
0.6 7.1 0.4 718.2
0.7 9.9 0.5 780.7
0.5
0.6 4.2 0.5 671.7
0.4 31.8 0.8 684.4
0.6 17.3 0.4 695.3
0.4 44.6 0.6 701.8
0.6 17.3 0.7 695.2
0.5
0.5
0.6
0.5
0.5
0.7
0.5
0.4
0.5
0.5
0.5
0.4
0.4
0.6
0.5
0.9
0.5
0.7
0.3
0.3
0.4
0.6
i0.i
0.4
0.8
0.6
0.6
0.7
0.4
0.4
0.5
0.4
0.4
0.5
i0.I
0.5
0.5
0.5
0.5
0.5
0.4
0.4
0.4
0.5
0.4
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TABLE 3 cont.
THE MEAN AND STANDARD DEVIATION OF 49 LANDMARKS
EACH WITH N=24, IN X, Y, Z COORDINATES (MM)
X Y Z
Mean SD Mean SD Mean SD
46
47
48
49
12.0
i0.0
1.9
4.0
0.6 16.2 0.5 699 3
0.5 31.9 0.6 684.4
0.4 31.7 0.6 685.6
0.3 34.2 0.5 683.6
0.6
0.4
0.4
0.5
SDav SDav SDav
0.55 0.01 0.5
SDsd SDsd
0.13 0.15
SDsd
0.12
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TABLE 4a
AVERAGE MEAN (X14) AVERAGE SDAv_
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
Time point 1 Time point 2
X14 SDav df X14 SDav Paired It] P
UPPER FACE
110.5 0.7 13 111.7 0.7
110.5 0.7 13 111.7 0.7
0.219
0.219
Os-N, 1
Os-N, r
27.3 0.9 13 27.2 1.0
26.9 13 26.9
0.841
0.970
Co-Os, 1
Co-Os, r
91.8 0.9 13 91.9 0.8
89.8 13 90.0
0.874
0.850
Exo-N, 1
Exo-N, r
52.2 1.0 13 52.3 0.8
52.2 13 52.4
0.849
0.538
Co-Exo, 1
Co-Exo, r
52.2 1.0 13 52.3 0.8
62.1 13 62.7
0.849
0.521
MIDDLE FACE
Co-Sn, 1
Co-Sn, r
116.4 0.8 13 117.5 0.7
113.2 13 114.0
0.032*
0.238
61.8 1.0 13 61.8 1.0
60.2 13 59.8
0.919
0.740
63.2 I. 0 13 64.3 O. 7
60.2 13 59.8
O. 154
0.740
Co-Oi, 1
Co-Oi, r
69.4 1.8 13 72.1 2.2
71.8 13 73.4
0.055
0.057
Oi-Sn, 1
Oi-Sn, r
54.0 I. 6 13 52.3 i. 7
55.8 13 55.3
0.252
0.728
p<O. 05
p<O.Ol
3O
TABLE 4a cont.
AVERAGE ,MEAN (X14) AVERAGE SDAv_
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
Time point 1 Time point 2
SDav df X14 SDav Paired [t] P
LOWER FACE
Co-Pg, 1 132.6
Co-Pg, r 129.6
1.2 133.4 i.i
13 12 9.6
2.0 0.069
0.6 0.528
Co-Ch, 1 i00.0
Co-Ch,r 97.5
1.4 13 i01.I 1.4
13 98.1
1.4 0.183
0.7 0.515
Ch-Pg, i 38.1
Ch-Pg, r 37.3
1.3 13 37.5 1.0
13 37.1
0.8 0.413
0.3 0.770
Co-Sm, 1 124.0
Co-Sm, r 121.1
1.2 13 125.3 0.9
13 12 I. 6
2.6 O. 021,
0.8 0.427
Go-Pg, 1 92.6
Go-Pg, r 90.5
1.5 13 93.6 1.2
13 90.2
1.4 0.197
0.4 0.728
Co-Go, 1 62.5
Co-Go, r 63.3
0.9 13 63.5 1.3
13 63.7
1.3 0.233
0.4 0.696
NOSE AND MOUTH
Sbal-Pn, l 32.9
Sbal-Pn, r 32.6
Sbal-SbaL 30.9
0.7 13 32.6 0.8
13 32.4
1.3 13 30.0 1.0
0.8 0.462
i.i 0.293
2.6 0.022*
Ch-Ls, 1 3 i. 6
Ch-Ls, r 3 1.9
1.0 13 31.1 1.2
13 31.8
i.i 0.275
0.3 0.768
Ch-Li, 1 29.1
Ch-Li, r 28.7
1.4 13 29.3 i.I
13 29.8
0.5 0.647
0.7 0.517
Ch-Ch 47.6 1.9 13 47.3 1.8 0.5 0.621
* p<O. 05
** p<O. Ol
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TABLE 4b
AVERAGE MEAN {X14 ) AVERAGE SDAv_
AND P VALUE FOR PAIRED T’TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
Time point 1 Time point
SDav df X14 SDav Paired [t]
UPPER FACE
P
Co-Co-N, 1 49.8
Co-Co-N, r 51.0
Co-Os-N,l 127.8
Co-Os-N, r 128.5
Co-Co-Os, 159.3
Co-Co-Os, r60.5
Co-Co-Exo, 166.7
Co-Co-Exo, r67.3
Co-Exo-N, 1141.4
Co-Exo-N, r143.5
0.6 13 50.1
13 51.3
2.2 13 129.3
13 130.4
0.8 13 59.7
13 60.5
0.8 13 67.1
13 67.4
1.2 13 141.1
13 143.6
0.6 1.0
0.9
1.9 1.5
2.1
0.7 0.9
0.I
0-.8 0.9
0.i
1.2 0.7
0.0
0.339
0.375
0.153
0.061
0.360
0.957
0. 361
0.911
0.511
0.977
MIDDLE FACE
Co-Co-Sn, 151.4
Co-Co-Sn, r53.7
Co-M-Sn, I 137.9
Co-M-Sn,r 138.6
Co-Co-M, 1 70.i
Co-Co-M, r 72.2
Co-Co-Oi, 196.1
Co-Co-Oi, r15.9
Co-Oi-Sn, 1132.8
Co-Oi-Sn, r131.9
* p<0.05
** p<0.01
0.6 13 51.8
13 54.0
1.5 13 137.3
13 137.7
1.0 13 70.8
13 73.0
0.9 13 96.8
13 15.9
2.2 13 132.3
13 131.1
0.5 1.2
i.i
1.3 2.9
1.4
0.9 1.6
1.3
1.3 1.0
0.3
1.7 0.4
1.5
0.269
0.290
0. 012"
0.191
0 .132
0.212
0.356
0.747
0.691
0.162
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TABLE, 4b cont.
AVERAGE MEAN (X14), AVERAGE SD&v_
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
Time point i T.ime point
SDav df SDav Paired [t]
LOWER FACE
P
Co-Co-Pg, 156.7
Co-Co-Pg, r58.8
Co-Ch-Pg, 1144.1
Co-Ch-Pg, r145.1
C0-Co-Ch, 16 i. 0
C0-Co,Ch, r63.2
co-co-sm, 154. 2
co-co-sm, r56.1
Co-Go-Pg, 1114.9
Co-Go-Pg, rl12.6
Co-Co-Go, 174.7
Co-Co-Go, r74.8
0.7 13 56.8 0.6
13 58.5
2.2 13 143.6 1.6
13 145.1
0.7 13 61.2 0.7
13 63.7
0.8 13 54.3 0.6
13 56.8
0.9 13 114.9 1.2
13 112.4
1.0 13 74.7 i.i
13 75.8
0.860
0.643
0.672
0.924
0.646
0.183
0.829
0.023*
0.915
0.754
0.968
0.045*
NOSE AND MOUTH
Sb-Sb-Pn, 16 I. 6
Sb-Sb-Pn, r62.4
Sb-Pn-Sb 56.0
Ch-Ch-Ls, 141.2
Ch-Ch-Ls, r4 0.8
Ch-Ch-Li, 134.1
Ch-Ch-Li, r34.6
Ch-Ls-Ch97.9
Ch-Li-Chli i. 6
2.1 13 62.1 2.6
13 62.8
2.1 13 55.1 2.2
2.5 13 41.7 2.4
13 40.6
3.1 13 33.7 2.2
13 34.6
3.9 13 97.7 2.6
13 111.9
0.2
0.830
0.502
0.643
O. 150
0.649
0.724
0.669
0.976
0.875
* p<O. 05
** p<O. Ol
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MEAN DEVIATION ({X-X)/N) o SD FOR .INER M__SOR_RM_RNTS AT T1
AND MEAN OF SUM { {-} IN} ]ND SDAv FORUPPER FACE LINR_AR
Co-N, I(t1 Os-N,l(t Co-Os, I(t1 Exo-N,l(t1
Subj. 1 0.26 -0.03 0.43
0.09 0.27
-0.2
-0.34 -0.23
-0.23
Subj.2 -O.O6 O.O2 0.38
-0.02 0.16
-0.29
o.o -o. -o.og
’S u bj 13- -0.44 -0.11 -0.27
-0.01 0.12 0
0.46 -0.01 0.27
Subj.4 -0.08 0.38 -0.5
0.08 -0.38 0.53
0.o"suj
-o.
-o. -o.o
-o.
0.14 0.03 0.27
Subj.6 0.06 0.21 0.34
-0.11 0.18 -0.29
0.06
-o.9 .o
su’._, ___;’.;’ o.4 .o
-o.o -o.9 0.04
-0.03 -0.09 0.01
S ubj.8 -0.28 -0.14 L0.26
0.52 -0.01 0.56
0.09 0.06 -0.01
-0.33 0.21 -0.29
Subj. 0.12 0.24 0.1
-o. o.o -o.
o.o -o. o.o
Subj.10 0.28 0.o4 0.3
-0.16 -0.09 -0.1
-0.12 O.04
-0.2
34
Co-Exo,l(tl)
0.38 -0.08
0.08 0.O9
-0.46 -0.01
-0.08 -0.13
0.22 -0.13
-0.14 0.27
-0.46 0.1
0.O8 -0.07
0.38 -0.03
0.2 -0.33
-0.2 0.33
-0.O9 -0.01
-0.09 -0.11
0.18 0.12
0.3 0.11
0 -0.26
-0.3 0.14
0.18 0.28
0.01 -0.19
-0.19 -0.09
-o.3 -0.2
0.2 0.26
0.1 0.09
0 -0.11
0.17
-0.1
O. 13
-0.37
-0.3 0.47
0.13 0.23
-0.5 O.3
0.37 -0.53
TABLE 5a cont.
MEAN DEVIATION ((X-X)/N), SD FOR .INR_R MRASURR_MENTS AT T!
AND MEAN OF SUM (.(X-X)/N} ND SDAv FOR
UPPER FACE LINEAR
Subjl I -o.21 -0.29 0.1
-0.14
-0.06
-0.11
-0.32
-0.13
-0.27 0.04
0.19 0.51 0 0.16 0.11
,,0.., 12 ,- 011,, 0.02 026
Subj. 12 0 0.56 -0.17 0.29
-0.02
-0.23
-0.11
-0.1 O.02
-0.32
0.23
-0.44 0.27
-0.31 0.34
Subj. 13 0.29 0.6
-0.41
-0.39 0.06
0.08
-0.27
-0.08 0.51
-0.41
., 0.21 --0.33 0.49 -0.12 0.36
.S u bj. 14 -0.13 O.
-0.48
-0.18
-0.29
0.07 O. 17 0.29
-0.38 0.41
0.07
-0.27 O. 19 0.56
-0.12
mean mean mean mean mean
’0.01418604’65 0.0030232558 "-2.325581E-4 2.3255814E-4 2.3255814E-4
sd sd sd sd sd
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TABLE 5b
MEAN DEVIATION ((X-X}./N}, sD FOR LINEAR MEASUREMENTs AT T1
..AND MEAN OF SUM ((X-X)/N} AND SDAv FOR
MIDDLE FACE LINEAR
Co-Sn,i(tI M-Sn,i(t1 Co-M,l(t1 Co-Oi,l(t1 Oi-Sn,l(t1 )
Subj. 1 0.41 0.14 0.37 -0.28 0.3
0.21 0.11 0 -1.14 1.27
-0.62 -0.26
-0.37 1.42 -1.57
Subj.2 -0.1 0.34 -0.29 0.03
_
-0.14
-0.21 -0.22
-0.02 o. 0.09
o.2 -o. o. -o. o.o
"Subj.3 LO.06 0.29 -0.38 -0.44 L 0.74
0.04 0.16 0.09 0.28 -0.82
o.o -o. o.2 o.s o.o
Subj.4 -0.05 0.5 0.02 .42 C:; -1.55
0.05 -0.15
-0.02 -1.42 1.55
Subj.5 -0.16 ’0.23’ -0.:9 0.’1 -0.38
-0.12 o. 13 -0.12 -0.37 0.29
0.28 -0.37 0.51 0.27 0.09
Subj.6 -0.31 0.22 -0.33 -0.72 , 1.11
-0.01 -0.04
-0.1 0.21 -0.59
0.32 -0.18 0.43 0.51 -0.52
Sub.7 0.06 -0.08 O. 13 0.37 -0.36
0.02 0.06 -0.03 -0.73 0.68
-0.08 0.02
-0.1 0.37 -0.32
Subj.8 -0.05 0.i2 -0.65 0.22
_
0.03
0.45 0.22 0.18 -0.03 0.08
0.03 0.33 0.48 0.19 0.3
-o.42 -o.o o -o.3 -o.4
ubj.9 -0.i6 0.27 -0.19 0.21
--’" 0.1
-o. -o. o.o, o.ss
-o.
0.28 0.1 0.14 -0.79 0.63
Subj.lO -0.1, -0.6 0.42 -0.59 0.51
0.19 0.1 -0.04 0.28
-0.32
-o.o, 0.5 -o.s o.3 -o.
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TABLE 5b oont
MEAN DEVIATION {X-X)/NJ, SD FOR LINEAR MEASUREMENTS
AND MEAN OF SUM ((X-XJ/N} AND SD&v FOR
M,.IDDLE FACE,. LINEAR
AT T1
Subj.11 -0.11 -0.1 0.04 -1.16
0.09 0.27 0.16 1.04
-0.06
-0.23 -0,14 o. 11
0.07 0.05 -0.06 0.01
Subj.12 -0.54 -0.41 -0.1 -0.17
0.42 0.16 0.23 0
0.12 0.26 -0.13 O. 17
S u bj. 13 -0.2 -0.23 0.01 0.34
O. 1 -0.6 0.24
-0.22
0.1 0.83 -0.26
-0.12
Subj.14’ -’0".56 0.31 -0.11 -0.76
0.04
-0.52 -0.71 o.5a
0.51 0.21 0.82 0.18
0.82
-0.91
O.O9
-0.01
-0.1g
0.08
0.11
-0.18
0.19
-O.01
-0.5
0
mean mean mean mean
’"-21’325581E-4 0.0151162790 -2.325581E-4 6.9767442E-4
mean
2.3255814E-4
sd sd sd sd
0.2586742636 0.3023430099 6.’3)70248041 0.5973648296
sd
’0.631’3194360
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TABLE 5
MEAN DEVIATION ((X-X)/N), SD FOR LINEAR MEASUREMENTS
AND .M.EAN OF SUM ({X-X)/N} AND SDAv FOR
LOWER FACE LINEAR
AT T1
Co-Pg,I (tl)
Subj. 1 -0.03
0
’Subj.2
0.03
-0’.38
0.39
Subj.3
0.01
0.13
0
-0.13
-0.2
0.2
0.13
-0.2
0.07
-0.44
-0.21
0.66
0.27
-0.03
-0.23
-.0.1 i’
0.19
0.Ig
Subj.4
Subj.5
Subj.6
Subj.7
Subj.8
Subj.9 -0.260.06
-o.18
’Subj.10 o.12-0.43
0.27
Co-Ch,i(tI Ch-Pg,(t Co-Sin, i(t I Go-Pg,l(t 1
0.44 -0.1 0.14
0.18 -0.5 0.08
-0.62 0.6 -0.22
-o.7 -0.. -o.
-o., o. -o.
o.,’ -o.,
-o.e
-o.o o.’ -o.
o.2 -o.e;, o.
-o. o. o.o
-0. ’-o.’a -o. .’
o. o. o.s
-0.11 0.28 -0.11
-0.04 -0.12 -0.01
0.16 -0.16 0.12
-0.54 0.26 -0.5
0.16 -0.38 -0.1
0.39 0.12 0.6
0.19 0.16 0.2
-0.11 0.19 -0.13
-0.08 -0.34 -0.07
O’ 12 -0.32 O. 11
0.24 0.02 0.49
0.29 -0.02 -0.24
-0.66 0.32 -0.36
-0.92 1.09 -0.18
0.01 -0.34 -0.18
0.91 -0.74 0.36
0.44 0.02 0.06
-0.06 -0.34 0.39
-0.39 0.32 -0.44
Co-Go,i(t
-0.56 0.06
0,.41 0.06.
0.14 -0.11
-0.02 -0.24
0.71 -0.48
-0.69 0.72
0.02 0.07’
0.16 -0.1
-0.18 0.03
-0.2 -0.15
O.2 0.15
0.3 -0.23
-0.13 0.17
-0.17 0.07
0.2 -0.26
-0.17 -0.02
-0.03 0.28
0.19 0.06
-0.28 0.12
0.09 -0.18
0.41 ’0.32
0.44 -0.43
-0.14 -0.28
-0.71 0.39
0.49 -0.29
-0.14 -0.16
-0.34 0.44
-0.43 -0.11
0.23 -0.01
0.2 0.12
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TBLE 5c= on.
MEAN DEVIATION ( (X-X)/N), SD FORLINEAR MEASUREMENTS AT
AND MEAN OF SUM ((X-X)/N) AND SDAv FOR
LOWER FACE LINEAR
T1
Subj. 1 1 -0.08 -0.4 0.31 -0.02 0.81
0.54 O. 17 o. 11 0.45 1.46
-0.46 -0.13 0.04 -0.13 0.66
-0.38 0.35 -0.46 -0.3 0.01
Subj.12 -0.66 -0.61 -0.06 -0.61 -0.41
0.54 0.42 0.08 0.52 0.66
O. 11 O. 19 -0.02 0.09 -0.24
Subj. 13 -0.97 -0.26 -0.71 -0.56 -0.66
0.87 0.28 0.39 0.38 0.94
O. 1 -0.02 0.32 O. 18 -0.29
Subj 14 -0.74 -0’.’67 " -0.21 -0.27 O. a
0.29 0.73 -0.31 -0.23 -0.46
0.46 -0.07 0.52 0.5 0.28
0.06
0.21
-0.16
-0.11
-0.5 t--
0.32
0.19
-0.3"7"
0.23-
0.13
-0.3-
0.32"
0.02
mean mean mean mean mean
-0.007441860 -4.651163E-4 4.6511628E-4’ -0.029069767 4.6511628E-4
mean
.8.27334E.22
sd sd sd sd sd
0.3685563407 0.4042450546 0.3828461924 0.3384686378 0.4654079290
sd
0.2639805187.;
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TLE 5d
MEAN DEVIATION { {x-x}/N}, SD FOR LINEAR M_RA_SUREMENTS AT T1
.AND MEAN OF SUM ,,( {X-X}/N} ,AND, SDAv FOR
N,,OSE AND MOUTH
SbaI-Pn,l(tl)
Subj. 1 -o.18
-O.Ol
SbaI-Sbal Ch-Ls,I(tI Ch-Li,l(tI ) Ch-Ch
0.19
su j. -o.o 
0.18
"sLbj.3
-0.09
0.17
-0.23
’Subj.4
d’bj.5
0.07
0.42
-0.43
0.29
-0.28
Subj.6
-0.01
0.24
0.04
-0.29
Subj’7" -0.18
0.09
-0.09
SJbj.8 0.22
0.22
-0.18
Subj.9
-0.26
0.38
-0.56
0.18
’Subj "10 "-0.17
0.13
0.03
0.83 -0.21 0.08 0.37
0.37 0.42 -0.16 -0.73
-1.2 -0.21 0.08 0.37
-0.4 -0.41 -0.24 "-0.14
0.17 0.29 0.36 -1.04
0.23 0.12 -0.11 1.19
0.09 -0.07 1.49 -0.4
-0.28 O. 17 0.89 0.37
O. 19 -0.1 -2.38 0.03
-0.03 0.47 -0.05 0.38
0.02 -0.48 0.05 -0.38
0.4 O. 13 -0.03 "-- 0.24
-0.37 -0.03 -0.17 0.31
-0.03 -0.1 0.2 -0.56
0 0.23 0.34 -0.67
-0.27 -0.07 -0.52 0.23
0.27 -0.17 O.18 0.43
-0.19 0.27 -0.03 0.26"
0.38 O. 13 0.23 -0.24
-0.19 -0.4 -0.2 -0.01
-0.32 -0.08 0.33 -0.36
0.01 0;64 0.28 0.02
-0.09 -0.41 -0.79
-0.28
0.41 -0.16 0.18 0.62
0.24 0.51 0.83 0.93
-1.29 -0.39 -0.53
-0.67
1.04 -0.12 -0.3
-0.27
0 -0.48 -0.27 0.2
O. 13 0.26 0.37
-0.33
-0.13 0.22 -0.1 O. 13
4O
MEAN DEVIATION ((X’X) N},
AND MEAN OF
TABLE 5d nt.
SD FO LNEAR MEASUREMENTS AT TI
SUM { {X-X)/N} AND SDAv FOR
NOSE AND MOUTH
Subj.11 0.11 0
-0.14 0.35
O. 16
-0.05
-0.14
-0.3
Subj. 1 2 -0.1 -0.24
0.2 0.16
-0.1 0.09
S u bj. 13 -0:22 0.51
o.3, 
-0. 2
-0.12 0.31
S ubj’.-14 -0.1 -0.06
0 0.28
0.1 O.22
mean mean
-o.oo 88 7 o
0.41 0.13 0.44
0.09 0.21 -0.28
-0.19 0.11 0.77
-0.31 -0.44 -0.93
-0.19 -0.17 0.14
0.14 0.27 -0.36
O.04 -0.1 0.21
-0.11 -0.22 1.6
0.02 -0.02 -1.53
0.09 0.24 -0.07
0.54 0.27 0.03
-0.52 -0.7 -0.17
-0.02 0.43 0.13
mean
-9.302326E-4
mean mean
4,6511628E-4
-4.651163E-4
sd sd
0.21755’53798 0.4328283965
sd
0.2976880274
sd sd
0.5532886678 0.5816804616
RESULTS
REPRODUCIBILITY OF THE MACHINE USING A PLASTIC FACE
In order to determine reproducibility of the machine, the mean
and SD for the 49 landmarks were determined in (x,y, z) coordinates
from the plastic face and are shown in Table 3. Each landmark was
digitized 24 times, thus the total number of trials on each
coordinate axis were 24 x 49 1176 trials. As can be seen, the SD
for all points except for points 24z and 36z were less than or
equal to imm. In the X coordinate system, SD less than or equal to
0.5mm were 26 points out of 49. In the Y coordinate system, SD
less than or equal to 0.5ram were 21 out of 49. And finally, in the
z coordinate system, SD less than or equal to 0.5mm were 36 out of
49. SDav for the X coordinate axis was 0.5mm, for Y coordinate
axis, 0.6ram and for the Z coordinate axis, 0.5mm.
REPRODUCIBILITY OF MEASUREMENTS WITHIN TIME POINTS FOR PATIENT
SAMPLE
In addition, in order to determine the overall variability of
each measurement, the mean deviation ((x-x)/n) the mean and
standard deviation of the sum of the mean deviations, and the
average standard deviation (SDav) of each measurement for linear
measurements at time point 1 were determined. They are shown in
table 5a-5d and in the Appendix (Table II Table XI).
In general, SDav of each measurement of both time points were
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equal. Furthermore, most of the measurements had SDav less than or
equal to 1.5mm except for Co-Oi,l (SDav 2.0ram) and Oi-Sn,l (SDav
i. 6mm) in linear measurments.
As expected, SDav for angular measurements were greater than
linear measurements. The following angular measurements, Co-Os-N, 1
(SDav 2.1) Co-Oi-Sn, l (SDav 2.0) Co-Ch-Pg (SDav 1.9 Sb-Sb-Pn,l
(SDav 2.4 Sb-Pn-Sb, l (SDav 2.2 Ch-Ch-Ls,I (SDav 2.4 Ch-Ch-
Li,l (SDav 2.6 Ch-Ls-Ch (SDav 3.2 contained SD greater than
1.5
In looking at SD of the sum of mean deviation (sum((x-x)/n))
for linear measurements at time point I, SD greater than 0.5mm were
found in Co-Oi,l(tl) at 0.59mm, Oi-Sn, l(tl) at 0.63mm, Ch-Li,l(tl)
at 0.55mm and Ch-Ch, 1 (tl) at 0.58mm. All other measurements had SD
less than 0.5mm.
REPRODUCIBILITY OF MEASUREMENTS BETWEEN TIME POINTS FOR PATIENTS
In order to determine the overall difference of measurements
between the two time points, the mean of the mean values of all
measurements for each patient at time point 1 and 2 were determined
and Paired Student t test between the mean values of the two time
points was performed as seen in table 4. Difference between the
two time points, ie. reproducibility, is reflected by the p value
for the Student t test. Note that * indicate p values less than
0.05, and ** indicate p values less than 0.01.
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As can be seen in Table 4, there were no significant
difference between the two time points in linear measurements at
p<0.5 significance except for Co-Sn,l with p<0.032, Co-Sm, l with
p<0.021 and Sbal-Sbal with p<0.022.
In angular measurements, the measurements with p<0.5
significance were found in Co-M-Sn,I with p<0.012, Co-Co-Sm,r with
p<0.023 and Co-Co-Go,r with p<0.045.
REPRODUCIBILITY OF MEASUREMENTS WITHIN AND BETWEEN TIME POINTS FOR
EACH PATIENT
The mean, standard deviation, n, Student t test, and p value
for linear and angular measurments at time points 1 and 2 for each
patient are shown in the Appendix (Table la-Xc) The
reproducibility of the landmarks within the time point is shown as
the variablity within the time point, ie. SD for measurements at
each time point. The reproducibility of the landmarks between time
points is shown by the significance of the p value determined from
the Student t test.
As can be seen from the Appendix (Table I-X) majority of the
linear measurements had no significant difference (p < 0.05)
between the 2 time points. In general, no measurement had greater
than 50% (7/14) of subjects with a significant difference between
the two time points at. The following measurements, Co-Oi,r, Oi-
Sn, l and Co-Go,l had 7/14 subjects with signifcant difference
between the two time points. Co-Os,l, Co-Sn, l, Co-M,1 and Go-Pg, l
had 6/14 (43%) subjects with p<0.5; Os-N,r, M-Sn,I, Co-M,r, Co-
Oi,l, Oi-Sn,r, and Ch-Li,l had 5/14 (36%) with p<0.5. Co-Os,r, Co-
Exo,r, M-Sn,r, Co-Pg, l, Co-Ch,r, Ch-Pg,l, Co-Sm, l and Co-Go,r had
4/14 (29%). All other measurements had less than 20% of subjects
with significant difference between the two time points at p<0.5.
In the angular measurements, only Co-Oi-Sn,l, had 7/14 (50%)
of subjects with p<0.5. Co-Co-Sn, 1 a
nd Co-Co-M,1 had 6/14 (43%) with p<0.5; Co-Co-Oi,l, Co-Co-Ch, l, Co-
Co-Go,l had 5/14 (36%) with p<0.5; Co-Exo-N,l, Co-Co-M,r, Co-Ch-
Pg, l, Co-Go-Pg,r had 4/14 (29%) with p<0.5. All other angular
measurements had less than 20% of subjects with significant
difference between the two time points at p<0.5.
In general, reproducibility of measurements between time
points did not differ between symmetric and asymmetric patients.
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DISCUSSION
The major purpose of the study was severalfold; one to develop
a simple method of evaluating facial symmetry in three dimensions,
to determine reproducibility of landmarks and measurements, and
finally, to accurately determine and evaluate specific, components
that make up facial asymmetry using a small sample of asymmetric
patients.
The digitization using the machine was remarkably reproducible
in that all except 2 landmarks had SD greater than imm, and those
were along the z axis. The significant variability found in those
two landmarks along the z-axis may have been due to an error in
digitizing; the probe tip may not have been on the landmark but
instead was moving away from it along the Z coordinate axis as the
probe button was being pressed. Thus, in the Z plane, the point
that was being digitized was not on the face mask. Such error in
digitization will not occur in the current system which does not
allow recording of the landmark if the probe is in motion.
If we look at any given average variance of measurements
(SDav) at time point 1 or 2, the measurements with the following
landmarks had greater variation. In general, most of the
measurements had (SDav) less than or equal to 1.5mm or 1.5 except
for linear measurements including landmarks Infraorbitale (Oi)
Subnasale (Sn), and for angular measurements including landmarks
46
Supraorbitale (Os) Infraorbitale (Oi) Pogonion (Pg) and for
landmarks of the measurements of the mouth and nose such as
Subalare (Sbal) Pronasale (Pn) Chelion (Chi) Labiale Superius
(Ls) and Labiale Inferius (Li)
Similar results were found when we looked at the variance of
the mean deviation (SD of(x-x)/n) for linear measurements at time
point i. Linear measurements containing landmarks Oi, Sn, Ch, and
Li had greater variation, with SD greater than 0.5mm. All other
linear measurements had SD less than 0.5mm.
In general, the structures which showed lack of
reproducibility were found in the area of the eyes, nose, and
mouth. The reasons for the lack of reproducibility may have been
severalfold. The greater variability shown in these soft tissue
structures may have been due to soft tissue displacement or a lack
of hard tissue support during digitization. The activity of the
musculature around the eyes, nose and mouth may also have played an
important role in our ability to reproduce these landmarks. For
example, nasal flaring of the nose, blinking, flinching, or wincing
of the eyes, or a change in the lip posture at the time of
digitization may have contributed to the greater variability found
in these measurements. Especially affected was Ch which showed a
very large variability.
In addition, landmarks around the eyes such as supraorbitale
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and infraorbitale were difficult to identify due to the ambiguity
in identification of these landmarks. Using the orbital rim as a
guide, these landmarks were easy to identify in the direction of
the y and z axis but not in the x axis. Attempting to identify the
two landmarks by palpating for a notch may have amplified the error
in landmark identification since not all patients had notches that
were easily palpable and identifiable.
Geometry may have played a role in reproducibiliy. Errors in
angular measurements with landmarks in close proximity showed
greater variability than those in distant proximity such as the
landmarks of nose and mouth.
Greater variability was found in landmarks located in the
mandible/lower face. This may have been due to the fact that
although the upper and the middle face was fixed in space by the
ear rods and the headholders, the mandible was free to move and
could change its position relative to the rest of the craniofacial
complex at any point in time.
The soft tissue pogonion was difficult to reproduce for the
following reasons. Not only was it located in the lower face, but
it was also hard to identify. Soft tissue displacement may also
have affected reproducibility of the landmark.
Reproducibility of measurements between time points was
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measured by comparing average mean measurements of 14 subjects at
time point 1 to time point 2 with a Paired Student t-test. Only
six measurements showed any significant difference between two time
points at p<0.05 level of significance. Those that did show showed
a difference only on one side. In general, there were no
significant differences between the two time points in both linear
and angular measurements.
Assuming that variability in our measurements was due to
errors in landmark identification, the following landmarks were not
reproducible" midsagittal landmarks such as supramentale (Sin),
subnasale (Sn), and certain bilateral landmarks such as malar point
(M), gonion (Go), and subalare (Sbal).
And again, landmarks of the lower face and nose showed greater
variability. Measurements containing landmarks Go and M showed
greater variablity perhaps for the following reasons. Landmarks
such as Go or M point were difficult to reproduce since there were
no clearcut identifiable soft tissue counterparts and where the
definition of the soft tissue landmarks themselves were somewhat
ambiguous. Furthermore, the position of soft tissue Go varied from
its hard tissue depending on the head posture and may have piayed
an important role in lowering the reproducibility.
Suggestions for improvement of measurements are as follows.
Redefinition of certain landmarks may be necessary to reduce the
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scatter or variability within each landmark identification. For
example for landmarks such as Oi, Os, M and Go, a more rigorous and
consistent definition is necessary in order to accurately reproduce
these points. Midsagittal structures such as Pg, Sn, Sm should be
identified after considering the landmark in both the frontal as
well as the lateral view. Due to the fact that landmark Condylion
was used in many of our measurements, an additional easily
identifiable landmark (such as tragus) may be used in addition to
condylion to minimize the significant dependence and the influence
of Co in the accuracy of many of our measurements.
In order to obtain good reproducibility of soft tissue
landmarks of the lips, it is necessary to have the patient in a
relaxed lip position and also for the mandible to be in a constant
position, preferably in a maximum intercuspation. During
digitization process, it is desirable to continually check lip
posture and mandibular position, otherwise undesirable errors would
be introduced. This principle is true for other soft tissue
landmarks that could be influenced by either lip or cheek posture
or mandibular position. Subjects should be reminded at regular
intervals to I) relax, his lips in habitual lip position or 2) to
bring the mandible into maximum intercuspation. The same
mandibular and lip position must be reproduced for subsequent
digitization.
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TABLE 6
Patient #4,
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
UPPER FACE LINEAR (MM)
Co-N (tl) 113,1
Co-N (t2) 113.2
Os-N (tl) 28.0
Os-N (t2) 28.1
Co-Os (tl) 90.9
Co-Os (t2) 93.2
112:3 0.8 0.7
112.6 0.6
27.3 0.7 0.1
28.7 -0.6
91.4 -0.5 0.2
92.2 1.0
MIDDLE FACE LINEAR (MM)
Co-Sn (tl) 122.0
Co-Sn (t2) 122.9
121.3 0.7 1.4
120.9 2.0
M-Sn (tl) 67.0 66.9 0.1 1.6
M-Sn (t2) 70.9 67.8 3.1
Co-M (tl) 61.4
Co-M (t2) 58.9
61.2 0.2 -0.3
59.7 -0.8
LOWER FACE LINEAR (MM)
Co-Pg (tl) 142.6
Co-Pg (t2) 142.7
Go-Pg (tl) 101.3
Go-Pg (t2) 104.3
Co-Go (tl) 69.7
Co-Go (t2) 69.6
137.5 5.1 6.2
136.0 6.7
97.9 3.4 3.5
100.6 3.7
69.1
70.5
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-0.9
TABLE 6
Patient #4
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
left (1) right (r) diff (l-r), Mean diff
(t1+t2)/2
UPPER FACE ANGULAR(DEGREE,S)
Co-Co-N (tl) 51.1 51.5 -0.4 -0.4
Co-Co-N (t2) 51.2 51.6 -0.4
Co-Os-N (t2) 137.2 134.5 2.7 1.4
Co-Os-N (t2) 129.6 129.5 0.1
Co-Co-Os (tl) 59.5 60.7 -1.2 -1.2
Co-Co-Os (t2) 61.0 62.1 -1.1
MIDDLE FACE ANGULAR (DEGREES)
Co-Co-Sn (tl) 54.3 54.8 -0.5 -0.9
Co-Co-Sn (t2) 54.1 55.4 -1.3
Co-M-Sn (tl) 143.8 142.6 1.2 -0.3
Co-M-Sn (t2) 142.6 143.2 -0.6
Co-Co-M (tl) 70.2 71.5 -1.3 -0.9
Co-Co-M (t2) 72.9 73.4 -0.5
LOWER FACE ANGULAR (DEGREES)
Co-Co-Pg (tl) 58.1 61.6 -2.9
Co-Co-pg (t2) 57.3 62.0 -4.7
Co-Co-Go (tl) 76.6 77.9 -1.3 -0.4
Co-Co-Go (t2) 77.4 76.8 0.6
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Co-Go-Pg (tl) 66.4 69.5 -3.1 -4.0
Co-Go-Pg (t2) 64.6 69.5 -4.9
TABLE 6
Patient #4
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
NOSE
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
Sbal-Pn (tl) 39.1 37.9 1.2 0.6
Sbal-Pn (t2) 38.2 38.2 0.0
Sb-Sb-Pn (tl) 62.9 66.3 -3.4
Sb-Sb-Pn (t2) 65.3 64.4 0.9
MOUTH
Ch-Ls (tl) 29.3
Ch-Ls (t2) 30.8
29.6 -0.3 0.3
29.9 0.9
Ch-Li (t1) 28.1 25.8 2.3 2.8
Ch-Li (t2) 30.8 27.3 3.3
Ch-Ch-Ls (tl) 39.5 40.0 -0.5 -0.6
Ch-Ch-Ls (t2) 38.1 39.6 -0.7
Ch-Ch-Li (tl) 32.1 35.3 -3.2 -2.6
Ch-Ch-Li (t2) 31.8 33.8 -2.0
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CASE STUDY: SUBJECT 4
To illustrate how one would clinically look at facial
asymmetry using a simple 3-dimensional soft tissue analysis,, a case
study of selected asymmetric patients are presented. (Table 6-Table
9) This is a male patient #4 (Table 6) who has mild facial
asymmetry. Patient has had a history of orthognathic surgery to
eliminate mandibular prognathia. The patient exhibit good facial
symmetry in both the upper and middle face as indicated by minimal
difference between the right and left sides. However, lower facial
asymmetry is evident. Absolute length of the mandible and the
corpus of the mandible is greater on the left than the right (Co-
Pg, (l-r) 5.1mm, Go-Pg, (l-r) 3.4mm), ramal height is symmetric
between the two sides.
The angular measurements of the right upper and middle face
are slightly larger than the left. Due to the relative asymmetry
of the mandible where the left side is larger than the right, the
pogonion is deviated to the right and the right angular measurement
Co-Co-Pg (l-r) -4.1 degrees is greater than the left. The
discrepancy and the deviation of the soft tissue pogonion from the
miline is less evident due to the acute left gonial angle Co-Go-
Pg -4.0 degrees)
The left side of the nose is greater than the right in length
and smaller in Sb-Sb-Pn angle. In general, the left side of the
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mouth is greater in length and the right side is greater in angular
measurements than the left.
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TABLE 7
Patient #10
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
UPPER FACE LINEAR (MM)
Co-N (tl).. 103,1
Co-N (t2) 102.5
Os-N (tl) 25.5
Os-N (t2) 25.1
Co-Os (t1) 86.2
Co-Os (t2) 84.4
102.8 0.3 -0.2
103.1 -0.6
24.9 0.6 0.2
25.4 -0.3
85.7 0.5 0.4
84.1 0.3
MIDDLE FACE LINEAR (MM)
Co-Sn (tl) 106.7
Co-Sn (t2) 107.1
M-Sn (tl) 56.5
M-Sn (t2) 55.7
Co-M (tl) 60.4
Co-M (t2) 61.9
103.4 3.3 2.6
105.2 1.9
55.4 1.1 1.0
54.9 0.8
55.4 5.0 3.3
59.3 1.6
LOWER FACE LINEAR (MM)
Co-Pg (tl) 119.4 119.5 -0.1 -1.5
Co-Pg (t2) 119.5 122.5 -3.0
Go-Pg (tl) 88.6
Go-Pg (t2) 87.7
Co-Go (tl) 50.5
Co-Go (t2) 49.4
90.1 -1.5 -2.6
91.3 -3.6
51.8 -1.3 -1.0
50.2 -0.8
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TABLE 7
Patient #10
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
UPPER FACE ANGULAR (DEGREE,S),
Co-Co-N (tl) 50.7 50.9 -0.2 0.1
Co-Co-N (t2) 51.4 51.0 0.4
Co-Os-N (t2) 125.5 127.5 -2.0 -2.2
Co-Os-N (t2) 130.6 133.0 -2.4
Co-Co-Os (tl) 61.2 60.4 0.8 1.2
Co-Co-Os (t2) 60.5 59.0 1.5
MIDDLE FACE ANGULAR (DEGREES)
Co-Co-Sn (tl) 50.6 52.8 -2.2 -1.8
Co-Co-Sn (t2) 52.0 53.3 -1.3
Co-M-Sn (tl) 131.8 137.8 -6.0 -4.6
Co-M-Sn (t2) 131.2 134.3 -3.1
Co-Co-M (tl) 73.2 72.8 0.4 -0.2
Co-Co-M (t2) 73.4 74.2 -0.8
LOWER FACE-ANGULAR (DEGREES)
Co-Co-Pg (tl) 57.0 56.9 0.1 1.2
Co-Co-pg (t2) 59.0 56.7 2.3
Co-Go-Pg (tl) 65.9 65.6 0.3 1.8
Co-Go-Pg (t2) 68.6 65.3 3.3
Co-Co-Go (tl) 72.0 71.5 0.5 -0.1
Co-Co-Go (t2) 72.7 73.4 -0.7
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TABLE 7
Patient #10
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
NOSE
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
Sbal-Pn (tl) 30.2 29.4 0.8 0.1
Sbal-Pn (t2) 29.0 29.9, -0.9
Sb-Sb-Pn (tl) 63.4 66.6 -3.2 0.4
Sb-Sb-Pn (t2) 68.2 64.3 3.9
MOUTH
Ch-Ls (tl) 33.1 34.6 -1.5 -3.0
Ch-Ls (t2) 30.5 34.9 -4.5
Ch-Li (tl) 30.4 31.6 -1.2 -2.8
Ch-Li (t2) 28.4 33.0 -4.6
Ch-Ch-Ls (tl) 45.1 42.9 2.2 4.2
Ch-Ch-Ls (t2) 42.9 36.6 6.3
Ch-Ch-Li (tl) 39.1 37.3 1.8 4.8
Ch-Ch-Li (t2) 37.9 32.0 5.9
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CASE STUDY: SUBJECT 10
This is a female patient #i0 (Table 7) who exhibits slight
facial asymmetry. In the upper face, patient is relatively
symmetric, with the left side being slightly larger than the right.
The severity of facial asymmetry with left side being larger than
right is greater in the middle face as indicated by the large
positive difference between the two sides. Co-Sn and Co-M are
larger on the left side, however, M-Sn are symmetric on both sides.
In the lower face, the right side of the face is larger than the
left. The absolute mandibular length of the right side (Co-Pg (i-
r) -l.5mm) and the right corpus length are larger than the left
(Go-Pg (l-r) -2.0mm) however the ramal heights (Co-Go (l-r)
I. 0mm) are equal in length.
In angular measurements of the upper face, in general, the. two
sides are symmetric except for right (Co-Os-N (l-r) -2.2mm) which
is greater than the left. In the middle face, both Co-Co-Sn and
Co-M-Sn are greater on the right side than the left but Co-Co-M
are symmetric on both sides. In the lower face, the angular
measurements are relatively symmetric on both sides with perhaps a
slight increase in angular measurements on the left side.
The nose is symmetric, however the mouth is larger in length
and is greater in angular measurements than the left.
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TABLE 8
Patient #13
AVERAGE MEAN, VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDE,S
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
UPPER FACE LINEAR (MM)
Co-N (tl),, 1,12.3
Co-N (t2) 113.9
Os-N (tl) 28.5
Os-N (t2) 26.8
Co-Os (tl) 94.0
Co-Os (t2) 96.4
1.102 2.1 2.9
110.2 3.7
29.2 -0.7 -1.0
28.1 -1.3
91.3 2.7 4.8
89.4 7.0
MIDDLE FACE LINEAR (MM)
Co-Sn (tl) 118.9
Co-Sn (t2) 120.5
112.6 6.3 7.1
112.6 7.9
M-Sn (tl) 66.7 61.5 5.2 4.4
M-Sn (t2) 66.2 62.6 3.6
Co-M (tl) 64.1 62.1 2.0 3.6
Co-M (t2) 66.5 61.3 5.2
LOWER FACE LINEAR (MM)
Co-Pg (tl) 145.2
Co-Pg (t2) 146.3
Go-Pg (tl) 104.0
Go-Pg (t2) 102.6
Co-Go (tl) 62.9
Co-Go (t2) 64.5
132.9 12.3 12.6
133.4 12.9
91.6 12.4 12.0
90.9 11.7
62.8 0.1 1.4
61.7 2.8
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TABLE 8
Patient #13
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
UPPER.FACE.ANGULAR (DEGREES)
Co-Co-N (tl) 48.7 49.9 -1.2 -1.7
Co-Co-N (t2) 48.6 50.8 -2.2
Co-Os-N (t2) 123.6 124.1 -0.5 -3.6
Co-Os-N (t2) 125.0 131.7 -6.7
Co-Co-Os (tl) 59.6 61.2 -1.6 -1.9
Co-Co-Os (t2) 58.9 61.1 -2.2
MIDDLE FACE ANGULAR (DEGREES)
Co-Co-Sn (tl) 49.3 53.2 -3.9 -4.4
Co-Co-Sn (t2) 49.1 54.0 -4.9
Co-M-Sn (tl) 131.2 130.8 0.4 0.2
Co-M-Sn (t2) 130.6 130.5 0.1
Co-Co-M (tl) 72.9 76.5 -3.6 -4.4
Co-Co-M (t2) 72.0 77.3 -5.3
LOWER FACE ANGULAR (DEGREES)
Co-Co-Pg (tl) 54.5 62.8 -8.3 -4.4
Co-Co-pg (t2) 54.5 63.3 -8.8
Co-Go-Pg (tl) 61.8 71.5 -9.7 -9.9
Co-Go-Pg (t2) 61.8 71.9 -10.1
Co-Co-Go (tl) 77.6 77.7 -0.1 -0.3
Co-Co-Go (t2) 78.5 79.0 -0.5
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AVERAGE MEAN VALUES
TABLE 8
Patient #13
FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
NOSE
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2.
Sbal-Pn (tl) 32.9 33.6 0.7 0.8
Sbal-Pn (t2) 32.9 32.1 0.8
Sb-Sb-Pn (tl) 59.2 57.5 -3.5 -3.6
Sb-Sb-Pn (t2) 56.9 59.4 -3.7
MOUTH
Ch-Ls (tl) 28.8 32.3 -3.5 -3.6
Ch-Ls (t2) 28.6 32.3 -3.7
Ch-Li (tl) 28.4 24.4 4.0 3.0
Ch-Li (t2) 28.6
Ch-Ch-Ls (tl) 45.0 39.6 5.4 5.7
Ch-Ch-Ls (t2) 42.9 36.9 6.0
Ch-Ch-Li (tl) 28.2 34.1 -5.9 -4.2
Ch-Ch-Li (t2) 30.2 35.9 -2.6
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CASE STUDY: SUBJECT #13
This is a male patient #13 who exhibits significant mandibular
asymmetry. In the upper face, the left side is larger than the
right (Co-N 2.9mm, Co-Os 4.8mm) except for Os-N which is equal
in length on both sides. In the middle face, the left side is
greater in length than the right in all measurements. The degree of
asymmetry is also greater than the upper face in linear
measurements. In the lower face, the magnitude of asymmetry is
even greater than both the upper and the middle face. Although the
absolute mandibular length and the corpus are larger on the left
than the right, the ramal heights are symmetric on both sides.
In the upper face, the right side of the face are in general
slightly greater than the left in angular measurements. In the
middle face, Co-M-Sn (l-r) 0.2deg are symmetric on both sides,
however, both right Co-Co-M and Co-Co-Sn are greater on the left.
The magnitude of asymmetry is also greater. In the lower face, the
angular measurements are significantly greater on the right than
the left except for Co-Co-Go which are symmetric on both sides.
Again, the degree of asymmetry between the two sides in angular
measurements are greater than both the upper and middle face.
The nose is symmetric both in linear and angular measurements
(Sbal-Pn, (l-r) 0.7mm, Sb-Sb-Pn, (l-r) -0.4deg) The linear
measurements of the right upper lip and left lower lip are greater
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than their counterparts (Ch-Ls, (l-r) -3.6ram, Ch-Li, (l-r)
3.0mm). In the angular measurements, the opposite are true.
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TABLE 9
Patient #14
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
UPPER FACE LINEAR (MM)
Co-N (tl) 107.2
Co-N (t2) 108.7
Os-N (tl) 23.3
Os-N (t2) 25.8
Co-Os (tl) 92.8
Co-Os (t2) 91.6
94.5 12.7 13.5
94.4 14.3
22.8 0.5 0.6
25.0 0.8
80.0 12.8 13.4
77.5 14.1
MIDDLE FACE LINEAR (MM)
Co-Sn (tl) 110.4
Co-Sn (t2) 113.5
95.3 5.1 7.2
94.1 9.4
M-Sn (tl) 55.2
M-Sn (t2) 57.1
Co-M (tl) 64.0
Co-M (t2) 65.3
54.9 0.3 2.0
53.5 3.6
47.8 16.2 17.0
47.5 17.8
LOWER FACE LINEAR (MM)
Co-Pg (tl) 117.9
Co-Pg (t2) 112.3
Go-Pg (tl) 78.4
Go-Pg (t2) 80.7
Co-Go (tl) 53.7
Co-Go (t2) 55.9
102.8 15.1 17.2
103.1 19.2
79.5 -1.1 0.8
78.1 2.6
39.0 14.7 14.8
40.9 15.0
65
TABLE 9
Patient #14
AVERAGE MEAN VALUES FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2
UPPER FACE ANGULAR (DEGREES)
Co-Co-N (tl) 46.2 55.0 -8.8 -9.3
Co-Co-N (t2) 45.9 55.8 -9.9
Co-Os-N (t2) 122.5 123.4 -0.9 -0.5
Co-Os-N (t2) 126.1 126.2 -0.1
Co-Co-Os (tl) 55.8 63.1 -7.3 -7.6
Co-Co-Os (t2) 56.1 64.0 -7.9
MIDDLE FACE ANGULAR (DEGREES)
Co-Co-Sn (tl) 45.2 58.9 -13.7 -12.2
Co-Co-Sn (t2) 46.3 56.9 -10.6
Co-M-Sn (tl) 135.9 137.3 -1.4 -1.0
Co-M-Sn (t2) 135.5 136.1 -0.6
Co-Co-M (tl) 64.6 78.6 -12.0 -12.1
Co-Co-M (t2) 65.0 77.2 -12.2
LOWER FACE ANGULAR (DEGREES)
Co-Co-Pg (tl) 49.2 60.0 -10.8 -10.8
Co-Co-pg (t2) 48.5 62.6 -14.1
Co-Go-Pg (tl) 58.1 65.6 -7.5 -8.8
Co-Go-Pg (t2) 57.7 67.7 --10.0
Co-Co-Go (tl) 68.7 77.7 -9.0 -10.2
Co-Co-Go (t2) 69.1 80.4 -11.3
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AVERAGE MEAN VALUES
TABLE 9
Patient #14
FOR LINEAR AND ANGULAR MEASURMENTS
AND THE DIFFERENCE BETWEEN THE RIGHT AND LEFT SIDES
NOSE
left (1) right (r) diff (l-r) Mean diff
(t1+t2)/2.
Sbal-Pn (tl) 28.7 28.9 -0.2 0.9
Sbal-Pn (t2) 29.8 27.8 2.0
Sb-Sb-Pn (tl) 62.5 61.7 0.8 -3.4
Sb-Sb-Pn (t2) 58.9 66.5 -7.6
MOUTH
Ch-Ls (tl) 28.8 29.4 -0.6 -0.4
Ch-Ls (t2) 29.5 29.7 -0.2
Ch-Li (tl) 25.0 23.9 1.1 2.0
Ch-Li (t2) 25.6 22.6 3.0
Ch-Ch-Ls (tl)
Ch-Ch-Ls (t2)
47.7 46.4 1.3 1.4
47.5 47.1 0.4
Ch-Ch-Li (tl) 35.0 36.9 -1.9 -3.2
Ch-Ch-Li (t2) 31.4 35.9 -4.5
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CASE STUDY: SUBJECT #14
This is a patient #14 with hemifacial microsomia. The degree
of facial asymmetry is apparent in all dimensions. In all three
dimensions of the face, the left side is greater than the right
side in linear and angular measurements. Although the absolute
lengths (Co-N, (l-r) 13.5mm, Co-Sn, (l-r) 7.2mm, Co-Pg, (l-r)
17.2mm) are greater on the left side, the asymmetry is localized
more in the lateral aspect of the face (Co-Os, (l-r) 13.4ram, Co-
M, (l-r) 7.2mm, Co-Go, (l-r) 14.8mm) than the midsagittal area
(Os-N, (l-r) 0.6ram, M-Sn, (l-r) 1.9mm, Go-Pg, (l-r) 1.8mm)
In angular measurements, both the upper and middle face
exhibit similar trend in facial asymmetry. The right lateral
aspects of the face are greater in .angular measurements than the
left (Co-Co-N, (l-r) -9.3deg, Co-Co-Os, (l-r)= -7.6deg, Co-Co-Sn,
(l-r) -12.2deg, Co-Co-M, (l-r) -12. ideg) however the
midsagittal area is relatively symmetric on both sides (Co-Os-N,
(l-r) -0.5deg, Co-M-Sn, (l-r) -l.0deg)
In the lower face, all measurements of the right side are
greater than the left side.
In measurements of the nose, the nose is symmetric in linear
measurement (Sbal-Pn, (l-r) 0.9ram) The right Sb-Sb-Pn is
slightly greater than the left ((l-r) -3.4ram). The upper lip is
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symmetric, however, the lower lip is greater on the left in linear
measurement and greater on the right in angular measurement.
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CONCLUSION
The limitations of the current available techniques as valid
clinical tools for evaluation of facial asymmetry is evident.
Cephalometric analysis is especially limited in its uasage for
quantification of facial asymmetries, and craniofacial, anomalies,
because of its two dimensional nature and the variability of the
registration points from right to left. A three dimensional
measurement system is a more accurate representation of the
craniofacial complex in general and many new methods have been
developed. Each of these newer methods have significant drawbacks
related to the complexity, the cost and the invasiveness of the
technique. Recently a new measurement system called the Digigraph,
which uses sonic digitizing electronics to record cephlometric data
in three dimensions, has enabled clinicians to perform noninvasive
and non-radiographic cephalometric analysis. This system has been
used to develop a simple method of evaluating facial asymmetry in
three dimensions.
Our study has demonstrated the following-
I) The Digigraph is accurate in reproducing landmarks.
2) The limitation of reproducibility of landmarks and measurements
is due in part of finding the landmarks.
3) Improvement in reproducibility can be made by first identifying
and then marking the landmarks prior to digitization,
redefining certain landmarks, looking at both frontal as well as
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the lateral view for identifying midsagittal structures, and
keeping the lip posture and the mandible in a constant position.
4) The analysis can be used to determine the exact components
responsible for patient’s facial asymmetry. These components can
involve the upper face, the middle face and the lower face.
The application of the analysis include diagnosis for
orthognathic cases, for patients with facial anomalies and for
craniofacial deformities, and as an aid in carrying out surgical
orthognathic and plastic cases.
The ease of manipulation, the accuracy of the machine and the
reproducibility of the landmarks and measurements have been
demonstrated in a preliminary study and it appears to be able to
accurately determine and evaluate those individual components that
make up the patient’s facial asymmetry. Thus this technique has
potential as a clinical tool for evaluation of patients with facial
asymmetry and is potentially useful in those with structural
defects since it is not dependent on these for localizaiton.
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APPENDIX
TABLE 1 TABLE X
TABLE IA
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-N, 1
1 116.4 0.9 3 115.8 1.3 4 0.7
2 114.4 0.2 3 115.5 1.3 4 1.5
3 114.0 1.4 3 118.0 0.4 5 6.3
4 113.1 0.2 2 113.2 0.9 3 0.2
5 108.3 0.5 3 108.3 i.i 4 0.0
6 114.8 0.3 3 115.5 0.5 3 2.1
7 106.2 0.2 3 106.1 0.5 3 0.2
8 105.1 i. 6 4 106.9 0.6 4 2.2
9 113.2 0.5 3 iii.i 0.9 3 3.6
i0 103.1 0.7 3 102.5 0.8 3 0.9
ii 107.4 0.8 4 106.4 0.4 3 2.1
12 112 1 0.7 4 112 9 0.4 3 i. 6
13 112.3 0.8 3 113.9 0.4 3 3.4
14 107.2 i. 3 3 108.7 0.3 3 i. 9
XI4 SDav df X14 SDav Paired [t]
0.505
0.202
0.001.*
0.868
0.964
0.i00
0.836
0.074
0.023*
0.420
0.091
0.176
0.028*
0.130
P
110.5 0.7 13 111.7 0.7 1.3 0.219
Co-N, r
1
2
3
4
5
6
7
8
9
i0
Ii
12
13
14
116.6 1.3 3 114.9 1.2
112.0 0.8 3 113.7 1.2
108.1 1.8 3 115.8 0.5
112.3 0.3 2 112.6 0.I
115.5 1.6 3 117.9 1.3
106.2 0.3 3 106.4 0.6
107.1 1.2 3 106.7 1.6
104.5 0.6 4 106.3 1.5
110.8 0.I 3 110.6 1.3
102.8 1.4 3 103.1 1.6
109.0 0.9 3 106.6 0.6
109.7 1.5 3 111.4 0.3
110.2 0.6 3 110.2 1.5
94.5 1.3 3 94.4 2.0
XI4 df X14
108.5 13 109.3
p<0.05
p<0.01
note: bold: asymmetric patients
78
1.8 0.124
2.2 0.082
7.1 0.000"*
1.8 0.170
2.0 0.120
0.4 0.738
0.4 0.731
2.2 0.071
0.4 0.742
0.2 0.840
3.8 0.013"
2.0 0.120
0.0 1.000
0.0 0.982
Paired It]
1.3
P
0.228
TABLE IB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Os-N, 1
1
2
3
4
5
6
7
8
9
i0
ii
12
13
14
28.9 0.8 3 29.2 1.0 4 0.4
27.7 0.5 3 25.4 0.8 4 4.4
29.9 0.9 3 30.3 0.4 5 0.7
28.0 i.i 2 28.1 0.8 3 0.2
26.5 1.0 3 25.0 1.4 3 1.5
23.0 0.2 3 25.3 1.4 4 2.8
24.5 1.3 3 25.2 0.4 3 1.0
31.1 0.6 4 31.5 1.2 4 0.6
24.9 0.9 3 22.2 1.6 3 2.6
25.5 0.2 3 25.1 i.i 3 0.5
28.5 1.6 3 29.7 1.2 3 1.2
31.5 1.5 3 31.0 1.2 3 0.5
28.5 1.6 3 26.8 1.6 3 1.3
23.3 0.3 3 25.8 0.7 3 5.6
XI4 SDav df X14 SDav Paired [t]
0.717
0.007**
0.522
0.862
0.200
0.037*
0.391
0.587
0.063
0.628
0.280
0.660
0.257
0.005**
P
27.3 0.9 13 27.2 1.0 0.2 0.841
Os-N, r
1
2
3
4
5
6
7
8
9
i0
ii
12
13
14
31.5 1.4 3 27.0 0.6
27.1 0.4 3 25.9 0.8
28.9 0.3 3 25.7 1.4
27.3 0.6 2 28.7 1.2
28.0 1.8 3 29.4 0.6
23.3 i.I 3 28.9 1.5
27.8 1.7 3 26.0 0.8
22.5 1.4 4 27.2 1.4
25.6 0.7 3 24.7 0.8
24.9 1.3 3 25.4 2.3
27.5 1.5 4 25.6 0.8
30.0 0.9 3 29.2 0.i
29.2 1.6 3 28.1 2.2
22.8 0.I 3 25.0 1.5
X14 df X14
6.0 0.002**
2.6 0.048*
3.7 0.010"*
1.4 0.266
1.2 0.283
5.3 0.003**
1.7 0.167
4.7 0.003**
1.5 0.217
0.3 0.761
1.9 0.iii
1.5 0.210
0.7 0.512
2.6 0.062
Paired [t] P
26.9
p<0.05
p<0.01
13
note: bold:
26.9
asymmetric patients
0.970
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TABLE IC
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Os, 1
i 94.1 i.i 3 93.0 0.4 4 1.9
2 91.5 1.0 3 93.8 0.9 4 3.2
3 91.4 0.8 3 95.9 0.5 5 9.7
4 90.9 1.5 2 93.2 0.7 3 2.4
5 96.3 1.0 3 97.9 1.0 3 1.9
6 92.4 0.7 3 89.9 0.I 4 7.2
7 89.8 0.2 3 88.2 0.5 3 5.6
8 86.9 1.6 4 88.0 0.7 4 1.2
9 103.1 0.4 3 99.4 0.7 3 8.4
i0 86 ..2 0.8 3 84.4 I. 3 3 2.0
Ii 87.6 0.4 4 86.5 0.9 3 2.4
12 88.5 0.7 3 88.9 0.9 3 0.6
13 94.0 1.4 3 96.4 I.i 3 2.4
14 92.8 1.3 3 91.6 1.4 3 1.2
XI4 SDav df X14 SDav Paired [t]
0.112
0.023*
0.000,*
0.096
0.130
0.001,*
0.005**
0.281
0.001-*
0.iii
0.059
0.580
0.078
0.005**
P
91.8 0.9 13 91.9 0.8 0.2 0.874
CO-OS r
1
2
3
4
5
6
7
8
9
I0
ii
12
13
14
93.2 1.6 3 94.8 1.3
89.9 0.7 3 91.8 0.6
85.8 0.7 3 96.2 1.8
91.4 0.7 2 92.2 0.6
96.7 1.2 3 98.7 0.9
90.6 1.0 3 85.2 0.9
90.1 1.0 3 89.0 1.6
87.8 0.8 4 86.7 1.6
98.9 0.9 3 97.7 0.8
85.7 1.2 3 84.1 0.8
89.4 0.8 4 88.1 0.6
86.6 0.5 3 88.6 0.6
91.3 0.9 3 89.4 3.0-
80.0 0.9 3 77.5 1.6
X14 df X14
4 1.4 0.208
4 3.8 0.013"
5 9.3 0.000"*
3 1.4 0.266
3 2.3 0.080
4 7.6 0.001"*
3 1.0 0.385
4 1.2 0.267
3 1.8 0.143
3 1.9 0.132
3 2.3 0.071
3 4.6 0.010"*
3 1.0 0.362
3 2.3 0.081
Paired [t] p
89.8
p<0.05
p<0.01
13
note: bold:
90.0
asymmetric patients
80
0.2 0.850
TABLE ID
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
EXO-N, 1
1 55.6 i. 3 3 57.0 i. 3 4 i. 5
2 54.2 0.6 3 54.0 1.0 4 0.4
3 57.0 1.3 3 57.5 0.9 5 0.7
4 51.8 0.6 2 52.2 0.8 3 0.6
5 54.9 0.9 3 54.2 0.6 3 i. 2
6 48.1 0.5 3 47.1 0.9 4 1.7
7 51.6 0.6 3 50.8 0.8 3 1.3
8 50.4 0.9 4 50.6 0.5 4 0.4
9 49.6 0.8 3 50.1 1.0 3 0.7
i0 50.7 1.3 3 52.4 1.4 3 1.6
ii 52.5 1.0 4 51.1 0.2 3 2.3
12 52.5 0.9 3 51.8 0.3 3 1.3
13 53.4 1.4 3 52.9 0.5 3 0.5
14 48.8 1.5 3 50.1 i.I 3 1.2
X14 SDav df ,X14 SDav Paired [t]
0.201
0.729
0.492
0.606
0.306
0.153
0.250
0.708
0.497
0.195
0.073
0.270
0.613
0.306
P
52.2 1.0 13 52.3 0.8 0.2 0.849
Exo-N, r
56.4 0.8 3 55.8 0.5
57.1 3.0 3 53.7 1.2
54.9 0.7 3 56.0 1.2
51.8 1.7 2 53.0 1.5
54.7 2.1 3 56.3 1.4
49.1 i.i 3 48.0 i.i
51.6 1.5 3 52.1 2.0
49.2 I.i 4 51.0 0.9
52.9 1.2 3 50.9 1.4
50.2 2.0 3 51.2 1.5
50.0 i.i 4 49.8 2.1
50.6 i.i 3 51.3 1.3
54.5 2.0 3 55.5 3.2
47.5 1.2 3 49.6 i.i
X14 df
1.3 0.254
2.1 0.093
1.5 0.192
0.9 0.453
i.i 0.343
1.3 0.265
0.4 0.740
2.5 0.048*
1.8 0.139
0.8 0.494
0.2 0.853
0.8 0.485
0.5 0.649
2.2 0.093
Paired [t] P
52.2
p<0.05
p<0.01
13
note: bold:
52.4
asymmetric patients
0.538
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TABLE IE
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Exo, 1
1 66.0 0.3 3 65.1 0.6 4 2.5
2 64.7 0.7 3 66.5 1.2 4 2.3
3 63.3 0.3 3 67.6 i.I 5 6.7
4 66.2 0.9 2 67.0 1.0 3 0.9
5 68.7 0.7 3 69.8 0.8 3 I.9
6 65-.7 0.4 3 66.8 0.8 4 2.1
7 60.3 0.7 3 60.7 0.2 3 1.0
8 64.0 0.9 4’ 64.4 1.5 4 0.5
9 71.3 1.3 3 68.1 0.3 3 4.2
i0 60.6, 1.4 3 58.2 1,0 3 2.4
ii 61.1 0.4 4 61.5 0.5 3 1.0
12 64.-6 1.0 3 65.5 0.6 3 1.4
13 66.3 1.2 3 69.4 0.6 3 4.0
14 65.7 i.i 3 66.3 0.2 3 1.0
XI4 SDav df X14 SDav Paired [t]
0.056
0. 068
0. 001,*
0.438
0.126
0.095
0.381
0.622
0.014,
0.075
0.377
0.240
0.016,
0.381
P
64.9 0.8 13 65.5 0.7 1.2 0.268
Co-EXo, r
1
2
3
4
5
6
7
8
9
i0
II
12
13
14
66.1 1.2 3 65.0 1.0
58.7 2.3 3 64.3 0.5
57.5 0.8 3 65.6 1.9
66.3 1.5 2 64.7 0.8
68.6 0.9 3 69.1 1.5
63.8 i.i 3 63.2 1.7
61.5 0.2 3 60.5 3.6
61.3 1.5 4 61.2 0.9
66.1 0.9 3 67.5 0.5
58.4 1.5 3 58.4 1.8
64.1 1.4 4 60.9 1.8
62.4 0.7 3 64.1 1.6
63.3 1.4 3 63.7 2.7
51.9 1.2 3 49.3 0.9
X14 df X14
1.3 0.237
5.0 0.004**
6.9 0.000"*
1.6 0.200
0.5 0.618
0.6 0.598
0.5 0.637
0.2 0.871
2.5 0.067
0.0 1.000
2.7 0.045*
1.8 0.150
0.2 0.845
3.0 0.040*
Paired It] P
62.1
p<0.05
p<0.01
13
note: bold:
62.7
asymmetric patients
0.521
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TABLE IIA
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Sn, 1
1 122.7 1.6 3 121.6 0.4 4 1.3 0.263
2 118.4 0.9 3 119.2 0.8 4 i.i 0.305
3 122.0 0.2 3 126.0 i. 0 5 6.7 0. 001,*
4 122.0 0.1 2 122.9 i. 0 3 1.2 0. 302
5 ii0.i 0.7 3 112.3 1.5 4 2.4 0.062
6 123.1 i. 0 3 123.2 0.3 3 0.2 0. 871
7 113.4 0.2 3 113.5 0.3 3 0.3 0.749
8 113.0 i. 4 4 116.2 i. 0 4 3.6 0. 012-
9 116.2 0.7 3 114.5 0.5 3 3.3 0.030*
i0 106.7 0.5 3 107.1 1.0 3 0.5 0.635
ii 113.3 0.4 3 112.5 0.4 4 2.5 0.055*
12 119.9 i. 5 3 122.2 0.5 3 2.6 0. 063
13 118..9 0.5 3 120.5 0.4 3 4.2 0.013,
14 ii0.4 I. 6 3 113.5 1.0 3 2.9 0. 046*
XI4 SDav df XI4 SDav Paired [t] p
116.4 0.8 13 117.5 0.7 2.4 0.032*
co-sn, r
1 121.1 0.8 3 118.0 2.2 4 2.3 0. 071
2 111.6 1.3 3 116.1 0.5 4 6.4 0. 001"*
3 117.1 2.1 3 123.5 2.5 5 3.7 0. 010"*
4 121.3 0.6 2 120.9 2.4 3 0.2 0.851
5 109.6 0.4 3 iii.5 i. 1 4 2.8 0.038"
6 123.2 i. 2 3 123.4 0.4 3 0.3 0. 797
7 112.9 0.3 3 ii0.8 2.0 3 i. 9 0. 137
8 ii0.0 2.5 4 111.8 1.9 4 i.I 0.306
9 116.4 1.0 3 115.9 0.5 3 0.8 0.469
i0 103.4 0.6 3 105.2 2.0 3 1.5 0.221
ii 112.7 0.9 3 113.0 2.1 4 0.2 0.828
12 117.6 1.8 3 119.7 1.0 3 1.9 0.152
13 112.6 1.4 3 112.6 2.5 3 0.0 0. 985
14 95.3 0.9 3 94.1 1.3 3 1.4 0.244
XI4 df X14 Paired [t] p
113.2
p<0.05
p<0.01
13 114.0 1.2 0.238
note" bold: asymmetric patients
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TABLE IIB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X1), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
M-Sn, l
1 64.7 0.7 3 64.7 0.4 4 0.i 0.894
2 59.5 0.9 3 62.2 0.7 4 4.4 0.007**
3 65.1 1.2 3 61.4 1.3 5 4.0 0.007**
4 67.0 0.4 2 70.9 0.5 3 9.0 0.003**
5 57.2 1.0 3 58.9 i.i 4 2i 0.087
6 65.2 0.5 3 65.4 0.8 3 0.2 0.825
7 59.5 0.2 3 61.2 0.3 3 7.4 0.002**
8 60.6 1.0 4 61.3 1.7 4 0.7 0.536
9 58.4 1.0 3 56.9 i.i 3 1.8 0.146
i0 56.5 1.7 3 55.7 0.9 3 0.8 0.490
ii 63.4 0.9 3 56.2 0.9 4 ii.0 0.000.*
12 65.5 i.i 3 6.7 1.4 3 1.9 0.128
13 66.7 2.2 3 66.2 1.5 3 0.3 0.747
14 55.2 1.4 3 57.1 0.8 3 2.1 0.103
X14 SDav df XI4 SDav Paired [t] p
61.8 1.0 13 61.8 1.0 0.i 0.919
M-Sn,r
1 62.8 1.8 3 59.9 1.5 4 2.3 0.069
2 51.9 I.i 3 60.5 1.2 3 9.4 0.000"*
3 57.9 1.2 3 55.0 1.3 5 3.2 0.020*
4 66.9 3.5 2 67.8 2.6 3 0.3 0.780
5 56.8 0.7 3 60.8 2.6 4 2.5 0.052
6 66.1 0.7 3 64.2 0.2 3 4.7 0.009**
7 60.0 1.0 3 56.2 2.2 3 2.8 0.051
-8 60.8 2.1 4 57.9 3.2 4 1.5 0.185
9 62.1 2.1 3 62.6 2.1 3 0.3 0.769
i0 55.4 1.0 3 54.9 0.8 3 0.8 0.488
ii 62.9 1.8 3 53.7 2.4 4 5.6 0.003**
12 62.3 6.0 3 67.3 0.3 3 1.4 0.226
13 61.5 2.8 3 62.6 3.6 3 0.4 0.688
14 54.9 i.i 3 53.5 2.3 3 0.9 0.398
XI4 df XI4 Paired [t] p
60.2 13 59.8 0.3 0.740
* p<0.05 note" bold: asymmetric patients
** p<0.01
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TABLE IIC
MEANt STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-M, 1
1 66.4 I.i 3 65.4 0.7 4
2 65.8 0.9 3 63.6 1.2 4
3 63.5 i.i 3 71.4 0.8 5
4 61.4 0.I 2 58.9 0.3 3
5 62.2 1.4 3 63.1 0.2 4
6 67.3 1.2 3 67.8 0.4 3
7 60.6 0.4 3 59.2 0.6 3
8 61.4 1.9 4 63.9 1.5 4
9 66.7 0.5 3 66.9 0.6 3
i0 60.4 1.2 3 61.9 0.5 3
ii 59.5 1.3 3 64.8 0.5 4
12 61.0 0.6 3 61.6 1.5 3
13 64.1 0.8 3 66.5 0.3 3
14 64.0 2.2 3 65.3 1.0 3
XI4 SDav df XI4 SDav
1.5 0.203
2.6 0.046*
12.1 0.000"*
13.0 0.001"*
1.4 0.229
0.7 0.550
3.5 0.024*
2.1 0.081
0.6 0.604
1.9 0.130
7.6 0.001"*
0.6 0.564
5.3 0.006**
0.9 0.416
Paired [t] p
63.2 1.0 13 64.3 0.7 1.5 0.154
Co-M, r
1 67.9 1.7 3 67.1 i.i 4
2 65.4 0.2 3 63.0 1.2 4
3 63.5 1.2 3 73.9 2.1 5
4 61.2 1.8 2 59.7 1.7 3
5 62.8 1.2 3 59.6 3.0 4
6 67.0 1.5 3 68.4 1.0 3
7 60.1 1.6 3 62.2 3.3 3
8 57.5 1.6 4 60.9 2.2 4
9 64.8 0.9 3 65.3 2.3 3
i0 55.4 0.7 3 59.3 3.4 3
II 58.3 1.0 3 67.2 1.4 4
12 56.8 0.8 3 58.8 0.8 3
13 62.1 1.6 3 61.3 1.5 3
14 47.8 0.2 3 47.5 2.3 3
X14 df X14
0.8 0.480
3.4 0.019-
7.8 0.000,,
0.9 0.413
1.7 0.156
1.3 0.251
1.0 0.378
2.6 0.043*
0.3 0.745
1.9 0.125
9.0 0. 000"*
3.0 0.040*
0.6 0.569
0.2 0.848
Paired [t] p
60.8 13
* p<0.05 note" bold:
** p<0.01
62.4
asymmetric patients
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0.136
TABLE IID
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Oi, 1
1 72.5 3.9 3 78.2 2.5 4
2 69.4 0.4 3 73.7 0.4 4
3 64.3 1.2 3 76.8 1.9 5
4 73.7 4.0 2 74.3 0.9 3
5 70.1 1.0 3 70.3 2.2 4
6 74.6 1.9 3 76.4 1.2 3
7 70.9 1.9 3 69.4 3.4 3
8 73.1 i.i 4 68.8 3.0 4
9 72.7 2.1 3 77.7 2.6 3
i0 67.4 1.5 3 65.2 4.3 3
ii 66.5 3.2 3 77.6 3.6 4
12 68.6 0.5 3 71.9 0.8 3
13 72.7 0.9 3 72.3 3.1 3
14 55.7 2.1 3 57.2 1.4 3
X14 SDav df XI4 SDav
2.4 0.065
13.4 0.000"*
I0o3 0.000"*
0.3 0.779
0.2 0.879
1.4 0.237
0.7 0.529
2.7 0.036*
2.6 0.059
0.8 0.454
4.2 0.008**
6.1 0.004**
0.2 0.840
i.i 0.333
Paired [t] p
69.4 1.8 13 72.1 2.2 2.1 0.055
Co-Oi, r
1 72.9 0.5 3 76.9 0.4 4
2 73.3 i.i 3 74.5 i.i 4
3 71.7 0.8 3 75.7 1.0 5
4 73.8 0.6 2 74.3 0.9 3
5 70.5 1.3 3 75.6 0.5 4
6 74.4 1.0 3 75.0 0.6 3
7 67.3 0.4 3 67.2 0.2 3
8 75.8 0.9 4 71.4 1.2 4
9 76.0 0.8 3 76.6 0.2 3
i0 66.2 0.9 3 65.4 0.5 3
ii 67.4 i.i 3 74.9 0.3 4
12 70.5 I. 0 3 71.1 0.3 3
13 74.0 0,.6 3 75.3 0.5 3
14 71.1 0.6 3 73.6 0.7 3
X14 df X14
11.9 0.000"*
1.4 0.222
5.9 0.001"*
0.7 0.535
7.5 0.001"*
0.9 0.414
0.7 0.519
5.8 0.001"*
1.3 0.267
1.4 0.245
13.9 0.000"*
0.9 0.429
3.0 0.041"
4.7 0.010"*
Paired [t] p
71.8 13
* p<0.05 note- bold:
** p<0.01
73.4
asymmetric patients
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2.1 0.057
TABLE IIE
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Oi-Sn, 1
1 58.7 4.3 3 50.4 3.5 4 2.8
2 49.9 0.4 3 51.5 0.8 4 3.1
3 59.8 2.4 3 55.1 0.7 5 4.3
4 57.3 0.5 2 54.4 1.9 3 0.6
5 53.7 1.0 3 52.0 1.7 4 1.5
6 60.9 2.9 3 58.6 0.5 3 1.4
7 49.5 1.8 3 50.2 1.5 3 0.6
8 43.8 1.2 4 52.7 2.3 4 7.0
9 59.6 2.1 3 54.6 2.0 3 3.0
i0 47.6 1.3 3 50.8 2.8 3 1.8
ii 55.0 1.5 3 42.7 2.8 4 6.7
12 57.6 0.5 3 56.0 0.7 3 3 3
13 50.9 0.6 3 52.7 1.6 3 1.8
14 50.9 1.5 3 50.6 1.6 3 0.2
X14 SDav df X14 SDav Paired
0.038*
0.027*
0.005**
0.574
0.186
0.246
0.597
0. 000-*
0.040*
0.149
0. 001,*
0.029*
0.151
0.823
[t] p
54 0 i. 6 13 52 3 i. 7 1.2 0.252
Oi-Sn, r
1
2
3
4
5
6
7
8
9
i0
ii
12
13
14
60.1 i.I 3 56.4 0.6
54.4 0.3 3 54.3 0.2
60.6 0.8 3 60.7 0.8
57.3 0.5 2 58.2 1.9
54.4 0.i 3 48.9 0.8
58.9 0.5 3 59.3 0.3
54.2 0.5 3 54.4 0.4
47.4 0.8 4 58.0 0.4
54.2 0.i 3 51.6 0.6
52.3 0.8 3 53.6 1.4
56.7 0.3 3 47.3 0.5
58.7 2.1 3 60.6 0.6
56.4 1.4 3 57.2 1.0
54.8 1.4 3 54.0 0.5
X14 df X14
5.7 0.002**
0.8 0.458
0.2 0.824
0.6 0.574
11.3 0.000"*
1.2 0.306
0.6 0.577
23.7 0.000"*
6.8 0.002**
1.4 0.237
29.6 0.000"*
1.6 0.185
0.8 0.464
0.9 0.414
Paired [t] p
55.8
p<0.05
p<0.01
13
note: bold:
55.3
asymmetric patients
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0.4 0.728
TABLE IIIA
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Pg, 1
1 133.5 0.1 3 131.9 i. 0 4 2.6 0. 048*
2 136.3 1.2 3 138.8 I.I 4 2.8 0.036*
3 136.7 0.4 3 136.9 1.4 5 0.3 0.807
4 142.6 0.6 2 142.7 0.7 3 0.2 0.872
5 129.7 0.5 3 130.0 i.i 4 0.4 0.695
6 144’. 5 1.7 3 144.2 I.i 3 0.3 0.813
7 124.8 0.8 3 126.5 1.0 3 2.3 0.080
8 129.5 0.9 4 131.2 I.i 4 2.5 0. 045*
9 129.2 0.5 3 129.2 0.5 3 0.0 1.000
i0 119.4 i.i 3 119.5 1.5 3 0.I 0.931
ii 126.6 I. 8 4 127.5 0.7 3 .0.8 0. 454
12 140.9 1.8 3 140.6 1.3 3 0.2 0.829
13 145.2 2.8 3 146.3 1.2 3 0.6 0.562
14 117.9 2.0 3 122.3 i. 7 3 2.9 0. 042*
XI4 SDav df X14 SDav Paired [t] p
132.6 1.2 133.4 i.i 2.0 0.069
Co-Pg, r
1 133.8 2.0 3 130.6 3.0 4 1.6 0.175
2 133.7 1.4 3 135.1 1.2 4 1.5 0.199
3 138.2 0.8 3 139.8 1.6 5 1.6 0.168
4 137.5 1.6 2 136.0 0.5 3 1.7 0.196
5 128 4 i. 4 3 128 6 i. 2 4 0.2 0. 845
6 145.3 2.2 3 145.1 0.7 3 0.2 0.886
7 125.0 1.7 3 123.8 2.2 3 0.7 0.520
8 125.4 0.9 4 129.7 i. 3 4 5.3 0. 002**
9 132.1 0.9 3 129.9 1.0 3 2.9 0.045*
i0 119.5 0.4 3 122.5 2.7 3 i. 9 0. 131
ii 125.6 3.2 4 127.6 i.i 3 1.0 0.354
12 134.1 2.0 3 134.0 0.3 3 0.1 0. 915
13 132.9 1.4 3 133.4 1.2 3 0.5 0.667
14 102.8 0.5 3 103.1 0.9 3 0.5 0.626
XI4 df XI4 Paired [t] p
129.6
p<0.05
p<0.01
13 129.6 0.6 0. 528
note- bold: asymmetric patients
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TABLE IIIB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv_
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Ch, 1
103.5 1.7 3 101.8 0.3 4 2.0 0.107
i01.0 2.0 3 102.8 0.9 4 1.6 0.169
101.7 0.6 3 109.3 1.5 5 8.3 0.000"*
106.6 0.5 2 106.0 0.5 3 1.2 0.311
94.0 0.4 3 96.4 1.2 4 3.3 0.021"
110.6 1.5 3 106.6 5.4 3 1.3 0.273
96.3 0.5 3 95.6 0.8 3 1.3 0.248
93.0 1.8 4 95.6 1.4 4 2.3 0.063
96.3 2.8 3 95.9 1.3 3 0.2 0.845
89.8 1.3 3 91.3 1.0 3 2.6 0.061
95.7 1.3 4 98.7 0.8 3 3.4 0.019"
103.5 1.6 3 102.2 1.6 3 1.0 0.370
111.2 0.8 3 111.5 0.5 3 0.6 0.580
97.9 2.1 3 101.8 1.9 3 2.4 0.074
X14 SDav df X14 SDav Paired [t] p
i00.0 1.4 13 i01.i 1.4 1.4 0.183
Co-Ch, r
102.1 2.0 3 102.5 3.3 4 0.2 0.868
96.9 1.8 3 102.1 2.0 4 3.5 0.018"
102.6 1.7 3 110.5 2.3 5 5.0 0.002**
106.4 0.i 2 104.4 0.5 3 5.4 0.012"
95.2 0.4 3 95.2 0.8 4 0.0 0.988
111.3 4.0 3 109.1 3.4 3 0.7 0.505
96.9 0.4 3 92.4 3.0 3 2.6 0.061
92.6 2.5 4 94.8 3.3 4 i.i 0.312
95.3 1.2 3 93.6 1.3 3 1.6 0.179
86.1 1.9 3 89.9 i.i 3 3.0 0.039*
94.9 4.8 4 96.9 1.7 3 0.7 0.541
99.0 2.1 3 99.3 1.5 3 0.2 0.851
104.0 4.3 3 101.6 0.9 3 1.0 0.393
81.7 0.3 3 81.1 1.5 3 0.7 0.531
XI4 df XI4 Paired [t] p
97.5
p<0.05
p<0.01
13 98.1
note- bold: asymmetric patients
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0.7 0.515
TABLE IIIC
EAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Ch-Pg, 1
34.1 1.7 3 34.6 1.0 4 0.5 0.655
40.2 1.4 3 41.2 0.7 4 1.2 0.282
42.4 1.9 3 36.5 1.7 5 4.6 0.004**
41.2 0.4 2 41.3 0.2 3 0.2 0.847
39.3 0.7 3 36.7 0.8 4 4.4 0.007**
39.3 1.0 3 41.6 1.3 3 2.4 0.075
32.2 0.9 3 33.6 0.6 3 2.1 0.104
40.9 i.i 4" 39.8 1.0 4 1.5 0.175
36.0 2.9 3 35.5 1.4 3 0.3 0.801
36.5 1.9 3 34.4 1.0 3 1.7 0.167
38.8 1.3 4 33.7 1.6 3 4.6 0.006**
407 0.2 3 42.0 0.5 3 4.1 0.015"
39.0 1.9 3 40.3 1.7 3 0.9 0.438
33.0 1.4 3 34.5 1.2 3 1.3 0.250
XI4 SDav df X14 SDav Paired [t] p
38.1 1.3 13 37.5 1.0 0.8 0.413
Ch-Pg, r
36.3 0.8 3 33.0 1.6 4 3.2 0.024*
39.8 1.5 3 37.0 2.1 4 2.0 0.107
-40.9 1.7 3 38.9 1.8 5 1.6 0.168
37.3 1.6 2 36.3 0.3 3 1.2 0.325
37.2 1.4 3 36.0 0.9 4 1.4 0.225
43.4 1.8 3 45.8 2.0 3 1.5 0.201
31.3 1.7 3 34.3 1.3 3 2.4 0.072
37.3 1.6 4 38.7 2.1 4 I.I 0.333
39.4 0.2 3 38.3 2.8 3 0.6 0.559
38.5 1.9 3 38.2 0.6 3 0.2 0.828
36.4 2.3 4 34.6 1.4 3 1.2 0.283
38.4 0.6 3 38.2 1.7 3 0.2 0.832
33.3 4.4 3 35.8 1.4 3 1.0 0.386
32.4 0.9 3 34.0 1.0 3 2.2 0.096
X14 df X14 Paired [t] p
37.3
p<0.05
p<0.01
13 37.1 0.3 0.770
note" bold: asymmetric patients
9O
TABLE IIID
EAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Sm, 1
124.7 0.6 3 124.4 I. 0 4 0.4 0. 697
124.3 1.6 3 127.9 1.4 4 3.1 0.027*
127.6 0.5 3 129.5 i. 2 5 2.6 0. 043*
133.3 1.6 2 134.0 0.6 3 0.8 0. 482
118.1 0.4 3 121.2 1.2 4 4.4 0.007**
135.1 1.7 3 133.1 0.9 3 1.8 0.149
116.2 0.5 3 116.9 0.7 3 1.4 0.225
121.8 1.5 4 123.9 1.9 4 1.7 0.139
120.6 0.9 3 121.1 0.i 3 0.8 0.465
111.4 1.3 3 113.0 0.4 3 2.1 0.107
120.2 i. 3 4 122.0 i. 0 3 2.0 0. 097
133.9 1.7 3 132.6 0.5 3 1.3 0.266
135.1 1.5 3 135.9 0.9 3 0.9 0.433
113.5 1.3 3 118.1 1.4 3 4.3 0.013"
X14 SDav df X14 SDav Paired [t] p
124.0 i. 2 13 125.3 0.9 2.6 0. 021"
Co-Sm, r
123.9 2.0 3 122.5 2.5 4 0.8 0. 472
123.4 1.2 3 123.7 1.2 3 0.3 0.782
12 6.4 3.5 3 130.3 I. 5 5 2.3 0. 061
128.9 0.2 2 129.2 i. 2 3 0.3 0. 755
117.3 0.9 3 119.8 i.i 4 3.2 0.024*
135.4 1.3 3 134.5 1.3 3 0.9 0.437
116.1 1.4 3 114.8 1.6 3 i.i 0.339
118.8 2.1 4 122.6 1.2 4 3.1 0. 021"
122.2 0.4 3 121.0 I. 2 3 I. 7 0. 166
112.0 i. 1 3 115.2 3.6 3 I. 5 0.2 08
119.4 1.7 4 121.0 0.9 3 1.4 0.211
127.6 2.1 3 126.2 0.8 3 i. 2 0. 313
125.1 0.2 3 125.3 1.2 3 0.3 0. 758
98.6 1.0 3 95.7 i.I 3 3.3 0.029*
XI4 df XI4 Paired [t] p
121.1
p<0.05
p<0.01
13 121.6 0.8 0.427
note- bold: asymmetric patients
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TABLE IIIE
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14) , AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Go-Pg, 1
87.1 1.5 3 87.7 0.8 4 0.8 0.484
91.6 2.1 3 94.2 0.7 4 2.4 0. 062
93.4 0.5 3 88.2 2.2 5 4.0 0.007**
101.3 0.6 2 104.3 0.3 3 7.9 0.004**
96.1 0.8 3 95.0 0.9 4 1.6 0.181
93 .2 0.6 3 96.0 0.3 3 7.4 0. 002**
91.4 0.7 3 92.8 0.i 3 3.1 0.036*
90.6 2.2 4 89.4 i.0 4 1.0 0.357
92.2 1.3 3 95.4 I.i 3 3.2 0.033*
88 ..6 1.1 3 87.8 3.5 3 0.4 0. 723
92.1 4.2 4 97.1 2.1 3 i. 9 0. 115
96.7 1.7 3 98.8 1.7 3 1.5 0.202
104.0 2.5 3 102.6 1.3 3 0.8 0.453
78.4 1.2 3 80.7 0.8 3 2.9 0.044*
X14 SDav df X14 SDav Paired [t] p
92.6 1.5 13 93.6 1.2 1.4 0.197
Go-Pg, r
86.1 2.2 3 86.0 1.3 4 0.0 0.990
91.9 2.7 3 84.4 1.3 4 5.0 0.004**
85.9 2.2 3 85.2 1.2 5 0.6 0.591
97.9 1.8 2 100.6 1.0 3 2.2 0.116
91.6 1.7 3 93.8 0.8 4 2.2 0.076
102.1 0.9 3 99.7 1.2 3 2.8 0.049*
87.0 2.2 3 88.1 2.3 3 0.6 0.561
89.0 1.5 4 87.0 0.8 4 2.4 0.055
95.3 2.1 3 94.8 0.5 3 0.4 0.695
90.i 0.7 3 91.3 1.0 3 1.7 0.157
84.5 3.7 4 90.2 1.3 3 2.5 0.053
94.0 1.8 3 92.4 1.0 3 1.3 0.251
91.6 2.5 3 90.9 1.9 3 0.4 0.727
79.5 2.0 3 78.1 1.5 3 1.0 0.387
X14 df X14 Paired [t] p
90.5
p<0.05
p<0.01
13 90.2
note" bold: asymmetric patients
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0.4 0.728
TABLE IIIF
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X1), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Go, 1
7’2.8 0.3 3 71.2 i.i 4 2.5 0.058
64.5 1.9 3 67.1 1.3 4 2.2 0.080
62.1 0.3 3 64.1 1.3 5 2.5 0.046*
69.7 0.4 2 69.6 0.6 3 0.i 0.904
51.3 0.6 3 56.8 1.4 4 6.1 0.002**
84.2 0.8 3 79.5 1.7 3 4.3 0.013.
53.0 0.5 3 57.6 1.0 3 6.9 0.002**
56.8 1.7 4 59.6 0.4 4 3.2 0.019"
64.0 1.2 3 64.3 0.6 3 0.5 0.655
50.5 0.4 3 49.4 2.0 3 0.5 0.618
57.6 0.7 4 60.4 0.8 3 4.9 0.004**
72.1 1.3 3 68.3 1.7 3 3.1 0.037*
62.9 1.0 3 64.5 1.3 3 1.7 0.167
53.7 1.0 3 55.9 2.6 3 1.4 0.247
XI4 SDav df X14 SDav Paired [t] p
62.5 0.9 13 63.5 1.3 1.3 0.233
Co-Go, r
73.1 1.2 3 68.0 2.0 4 3.9 0.012"
68.4 0.3 3 75.0 1.8 4 6.3 0.002**
72.0 1.7 3 71.4 1.2 5 0.6 0.575
69.1 0.6 2 70.5 0.4 3 3.4 0.043*
55.5 0.6 3 54.6 i. 5 4 i. 0 0. 368
76.6 0.6 3 75.3 1.7 3 1.3 0.270
60.4 0.8 3 61.3 i. 3 3 i. 0 0. 358
60.3 I.i 4 65.1 0.8 4 7.3 0. 000"*
63.1 2.6 3 61.5 0.6 3 I.0 0.358
51.8 0.4 3 50.2 1.4 3 1.9 0.123
66.6 1.6 4 67.7 1.3 3 1.0 0.380
68.2 0.3 3 68.1 0.8 3 0.I 0.949
62.8 0.9 3 61.7 1.3 3 1.2 0.283
39.0 i. 4 3 40.9 i. 0 3 i. 9 0. 127
X14 df Xl Paired [t] p
63.3
p<0.05
p<0.01
13 63.7 0.4 0.696
note" bold: asymmetric patients
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TABLE IVA
EAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-N, 1
50.4 0.5 3 50.5 0.8 4 0.2 0.837
49.3 0.3 3 50.1 0.6 4 2.0 0. 097
46.9 0.8 3 51.3 0.9 5 7.1 0.000"*
51.1 0.2 2 51.2 0.2 3 0.9 0.438
50.7 0.5 3 49.3 0.8 4 2.7 0. 042*
51:1 0.5 3 52.0 0.4 3 2.5 0. 066
52.2 0.6 3 51.6 0.3 3 1.6 0.186
49.5 1.0 4 49.9 04 4 0.7 0.514
49.1 0.8 3 49.2 0.7 3 0.2 0.876
50 ..7 0.3 3 51.4 0.4 3 2.6 0. 059
51.7 i. 2 4 50.3 0.7 3 i. 8 0. 129
49.0 0.0 3 50.6 0.5 3 5.9 0. 004**
48.7 0.9 3 48.6 0.7 3 0.2 0.886
46.2 0.i 3 45.9 0.9 3 0.5 0.618
X14 SDav df X14 SDav Paired [t] p
49.8 0.6 13 50.1 0.6 1.0 0.339
Co-Co-N,r
50.3 1.0 3 51.0 0.5 4 1.4 0.243
50.8 0.5 3 51.2 0.9 4 0.7 0.491
50.3 1.0 3 52.7 0.5 5 4.8 0.003**
51.5 0.i 2 51.6 0.5 3 0.i 0.908
52.1 0.4 3 50.5 1.0 4 2.5 0.053
50.6 0.8 3 50.6 0.6 3 0.i 0.910
51.6 0.4 3 51.2 0.7 3 0.8 0.479
50.0 1.2 4 50.3 0.7 4 0.5 0.616
50.5 0.6 3 49.6 0.5 3 2.1 0.i00
50.9 0.7 3 51.0 0.2 3 0.4 0.700
50.7 0.3 4 50.2 0.6 3 1.6 0.162
50.5 1.2 3 51.5 0.5 3 1.4 0.240
49.9 0.4 3 50.8 0.4 3 2.7 0.053
55.0 0.3 3 55.8 0.9 3 1.5 0.200
X14 df X14 Paired [t] p
51.0
p<0.05
p<0.01
note-
13 51.3
bold: asymmetric patients
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0.9 0.375
TABLE IVB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X1), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Os-N, 1
135.3 1.4 3 136.4 2.6 4 0.7 0.519
141.2 4.8 3 145.1 2.6 4 1.4 0.210
133.4 1.9 3 130.9 2.1 5 1.7 0.141
137.2 i. 6 2 129.6 2.4 3 3.9 0. 030*
128.5 1.7 3 131.5 2.1 4 2.0 0.102
129.0 4.0 3 130.4 2.9 3 0.5 0. 651
126.8 2.1 3 129.5 0.8 3 2.1 0. 105
117.8 1.5 4 119.1 0.9 4 1.6 0.165
107.9 1.3 3 116.7 2.7 3 5.1 0.007**
125.5 0.5 3 130.6 2.2 3 4.0 0. 016"
127.8 2.4 4 125.2 I. 3 3 I. 6 0. 168
132.2 3.0 3 134.7 0.8 3 1.4 0.239
123 6 2 8 3 125 0 0 7 3 0 9 0 431
122.5 i. 9 3 126.1 3.1 3 i. 7 0. 161
X14 SDav df XI4 SDav Paired [t] p
127.8 2.2 13 129.3 1.9 1.5 0.153
Co-Os-N, r
132.0 2.6 3 132.9 2.8 4 0.4 0. 685
139.7 1.3 3 143.8 3.2 4 2.1 0.091
134.6 0.9 3 134.8 1.9 5 0.I 0.918
134 5 0 5 2 129 5 2 9 3 2 3 0 105
127. 1 2.0 3 131.0 3.2 4 1.9 0.123
126.3 1.7 3 124.5 1.8 3 1.2 0.290
121.3 2.3 3 127.0 2.3 3 3.0 0.039*
133.4 2.4 4 130.4 1.4 4 2.2 0.071
111.3 1.4 3 115.3 1.7 3 3.1 0.035*
127.5 2.6 3 133.0 4.0 3 2.0 0. 118
129.4 2.6 4 130.6 i. 6 3 0.7 0. 528
134.3 1.5 3 135.5 1.5 3 1.0 0.362
124.1 6.1 3 131.7 2.0 3 2.1 0. 108
123.4 1.4 3 126.2 3.4 3 1.3 0.256
X14 df X14 Paired [t] p
128.5
p<0.05
p<0.01
13 130.4 2.1 0.061
note" bold: asymmetric patients
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TABLE IVC
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-Os, 1
58.2
55.8
56.6
59.5
58.3
61 .’I
61.6
63.0
59.2
61.2
60.8
59.9
59.6
55.8
X14
0.3 3 59.6 0.9 4 2.4 0.061
1.0 3 56.2 0.7 4 0.6 0.546
0.8 3 61.6 I.I 5 6.6 0.001"*
0.4 2 61.0 0.2 3 7.3 0.005**
0.8 3 57.5 1.0 4 I.l 0.335
0.7 3 61.2 1.2 3 0.I 0.935
0.5 3 60.9 0.3 3 2.1 0.I00
0.9 4 63.4 0.16 4 0.8 0.431
i. 4 3 57. 6 0.2 3 2. 0 0. 122
0.3 3 60.5 0.5 3 2.0 0.120
0.7 4 60.5 0.3 3 0.7 0.528
I.i 3 60.5 0.5 3 1.0 0.396
1.7 3 58.9 i.i 3 0.6 0.559
0.3 3 56.1 0.6 3 2.8 0.048*
SDav df X14 SDav Paired [t] p
59.3 0.8 13 59.7 0.7 0.9 0.360
Co-Co-Os,r
60.5
57.8
60.3
60.7
60.2
61.1
63.5
57.3
60.3
60.4
59.7
60.7
61.2
63.1
X14
1.8 3 60.1 i.i 4 0.4 0.723
O. 6 3 58.0 O. 9 4 O. 3 O. 760
0.8 3 61.0 0.5 5 1.4 0.207
0.4 2 62.1 0.4 3 4.4 0.022,
0.5 3 59.9 i.i 4 0.3 0.746
0.6 3 61.7 0.7 3 1.2 0.295
0.9 3 61.2 0.8 3 3.3 0.030
0.8 4 60.8 0.6 4 6.9 0. 000"*
i.i 3 59.3 0.4 3 1.5 0.210
0.2 3 59.0 1.0 3 2.5 0.066
1.0 4 58.0 1.0 3 2.2 0.080
1.2 3 60.9 0.4 3 0.4 0.732
1.5 3 61.1 0.8 3 0.2 0.872
i. 0 3 64 0 0.5 3 I. 4 0. 236
df XI4 Paired [t] p
60.5
p<O. 05
p<O. Ol
note:
13
bold:
60.5 0.I 0.957
asymmetric patients
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TABLE IVD
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv_
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-Exo, 1
65.7
63.6
64.3
65.6
66.0
69.4
69.0
69.8
66.0
70.3
69.2
64.0
66.7
63.8
X14
0.5 3 67.4 1.3 4 2.0 0.104
0.4 3 64.3 0.6 4 I. 7 0. 158
0.9 3 69.1 1.2 5 5.9 0. 001"*
0.3 2 67.0 0.5 3 3.5 0.040*
0.9 3 64.5 1.0 4 2.0 0.107
1.0 3 70.0 0.7 3 0.9 0.433
0.8 3 67.8 0.5 3 2.2 0.096
1.8 4 68.6 0.4 4 1.4 0.214
0.8 3 66.1 0.9 3 0.2 0.822
0.8 3 72.1 0.6 3 3.0 0.041
i. 0 4 67 6 0.6 3 2 5 0. 054
1.2 3 64.5 0.7 3 0.7 0.551
0.7 3 66.7 0.8 3 0.i 0.920
0.7 3 63.7 i.i 3 0.2 0.867
SDav df X14 SDav Paired [t] p
66.7 0.8 13 67.1 0.8 0.9 0.361
CO-CO-EXO, r
66.5
65.0
65.5
67.0
69.2
68.4
68.7
66.3
69.2
68.0
65.5
62.8
68.8
71.8
X14
2.7 3 67.2 1.8 4 0.4 0.728
1.8 3 64.2 i.i 4 0.7 0.519
1.7 3 68.4 1.3 5 2.8 0.032*
1.4 2 66.4 1.6 3 0.4 0.686
0.5 3 65.0 1.0 4 6.3 0.001"*
0.4 3 68.2 I.I 3 0.3 0.812
0.5 3 68.4 1.3 3 0.3 0.749
2.0 4 66.6 1.6 4 0.2 0.849
2.0 3 67.6 0.5 3 1.4 0.226
0.7 3 69.4 1.7 3 1.3 0.248
1.2 4 63.9 0.2 3 2.3 0.071
2.3 3 65.0 1.0 3 1.5 0.200
2.0 3 71.3 1.3 3 1.8 0.149
1.4 3 72.0 1.0 3 0.2 0.849
df X14 Paired [t] p
67.3
p<0.05
p<0.01
note:
13
bold:
67.4
asymmetric patients
0.I 0.911
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TABLE IVE
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
UPPER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Exo-N, 1
146.3 0.9 3 143.1 1.8 4 2.8 0.036*
148.0 1.3 3 146.7 i.i 4 1.4 0.221
142.9 1.2 3 141.1 2.1 5 1.4 0.218
146.5 0.5 2 143.4 0.7 3 5.3 0.013"
143.6 1.2 3 143.3 1.5 4 0.3 0.764
136. 4 2.0 3 137.1 0.9 3 0.6 0. 608
143.3 3.1 3 144.0 1.2 3 0.3 0.757
133.3 i. 9 4 136.5 i.i 4 3.0 0. 025*
138.2 0.9 3 139.7 0.5 3 2.5 0.070
135.5 0.4 3 135.7 0.5 3 0.4 0.736
141.9 1.0 4 141.6 1.0 3 0.4 0.725
146.4 2.2 3 148.1 0.8 3 1.3 0.272
139.1 0.1 3 136.9 i. 0 3 4.0 0. 017"
138.4 0.7 3 137.9 2.2 3 0.4 0.729
X14 SDav df X14 SDav Paired [t] p
141.4 1.2 13 141.1 1.2 0.7 0.511
Co-Exo-N, r
144.4 3.0 3 144.0 2.4 4 0.2 0.873
150.6 2.4 3 148.5 1.3 4 1.5 0.196
148.0 1.0 3 144.4 0.9 5 5.3 0.002**
144.1 1.4 2 146.1 2.8 3 0.9 0.456
140.1 1.0 3 145.7 2.4 4 3.7 0.014"
139.1 0.9 3 140.0 0.5 3 1.7 0.160
142.2 1.0 3 142.5 1.5 3 0.3 0.763
141.8 2.7 4 142.7 2.8 4 0.5 0.657
137.2 2.8 3 137.6 1.9 3 0.2 0.820
142.4 2.9 3 140.1 1.8 3 1.2 0.300
145.3 2.5 4 148.6 1.3 3 2.0 0.i01
152.1 2.8 3 149.3 2.0 3 1.4 0.232
138. 6 1.8 3 135.0 0.i 3 3.5 0.025"
143.6 3.0 3 145.3 0.9 3 0.9 0.409
XI4 df X14 Paired [t] p
143.5
p<O. 05
p<O. Ol
13 143.6 0.0 0.977
note" bold: asymmetric patients
98
TABLE VA
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-Sn, 1
51.9 0.4 3 51.4 0.4 4 1.7 0.152
48.8 0.2 3 50.9 0.2 4 12.1 0.000"*
50.5 1.6 3 53.9 0.8 5 4.2 0.006**
54.3 0.4 2 54.1 0.9 3 0.4 0.697
52.3 0.4 3 51.5 0.3 4 3.3 0.022*
53.9 0.9 3 53.7 0.2 3 0.3 0.805
54.2 0.2 3 52.8 0.5 3 4.9 0.008**
51.6 1.3 4 51.7 0.7 4 0.I 0.897
51.6 0.8 3 51.6 0.2 3 0.i 0.948
50.6 0.3 3 52.0 0.6 3 3.7 0.021"
53.2 0.7 4 52.7 0.3 3 i.i 0.303
52.2 0.2 3 53.5 0.6 3 3.9 O.018"
49.3 1.2 3 49.1 1.2 3 0.I 0.897
45.2 0.5 3 46.3 0.6 3 2.5 0.063
X14 SDav df X14 SDav Paired [t] p
51.4 0.6 13 51.8 0.5 1.2 0.269
Co-Co-Sn,r
52.9
53.0
53.5
54.8
52.7
53.8
54.6
53.6
51.5
52.8
52.9
53.6
53.2
58.9
X14
1.2 3 53.7 1.0 4 0.9 0.410
0.7 3 52.8 0.6 4 0.4 0.717
0.4 3 55.6 0.6 5 5.6 0.001.
0.i 2 55.4 0.3 3 2.4 0.094
0.6 3 52.2 0.4 4 1.4 0.222
0.I 3 53.7 0.7 3 0.2 0.820
0.3 3 54.7 0.8 3 0.i 0.950
0.9 4 54.6 1.0 4 1.4 0.201
0.6 3 50.8 0.2 3 2.1 0. 109
0.8 3 53.3 0.6 3 0.8 0.479
0.9 4 53.1 0.7 3 0.3 0.773
0.6 3 55.2 0.2 3 4.3 0.013,
0.5 3 54.0 0.7 3 1.8 0.140
0.6 3 56.9 0.4 3 4.7 0.009**
df X14 Paired [t] p
53.7
p<0.05
p<0.01
note:
13
bold:
54.0
asymmetric patients
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i.I 0.290
TABLE VB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X1), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-M-Sn, 1
138.6 0.7 3 138.4 2.6 4 0.i
142.1 1.2 3 142.6 1.6 4 0.5
142.8 1.5 3 142.9 3.0 5 0.I
143.8 1.5 2 142.6 1.9 3 0.7
134.5 i.I 3 134.1 i.I 4 0.5
136 6 i. 4 3 135 5 0 6 3 i. 3
141.6 0.i 3 141.3 1.0 3 0.5
135.8 3.7 4 136.1 1.’4 4 0.i
136.4 1.4 3 135.2 0.8 3 1.3
131..8 I.i 3 131.2 0.6 3 0.8
136.6 2.4 4 134.3 0.i 3 1.6
142.8 0.5 3 142.4 1.4 3 0.5
131.2 0.7 3 130.6 0.7 3 0.9
135.9 3.2 3 135.5 0.9 3 0.2
X14 SDav df X14 SDav Paired
0.887
0.658
0.945
0.510
0.644
0.276
0.614
0.894
0.254
0.455
0.169
0.665
0.401
0.844
[t] p
137.9 1.5 13 137.3 1.3 2.9 0.012"
Co-M-Sn, r
135.8 2.3 3 136.4 1.9
144.0 2.3 3 140.1 1.9
149.1 0.9 3 146.3 1.6
142.6 3.0 2 143.2 0.4
132.7 1.7 3 135.4 2.4
135.3 1.7 3 137.1 0.6
140.0 i.I 3 138.6 1.8
137.2 5.1 4 140.4 i.i
133.1 0.5 3 129.8 0.8
137.8 0.6 3 134.3 1.9
138.1 3.9 4 136.7 0.4
146.5 2.9 3 143.1 0.9
130.8 2.7 3 130.5 1.6
-137.3 I. 7 3 136.1 0.6
X14 df
0.4 0.699
2.5 0.057
2.7 0.038
0.4 0.731
1.6 0.160
1.7 0.157
I.i 0.329
1.2 0.273
6.0 0. 004 **
3.1 0.036*
0.6 0.574
1.9 0.129
0.2 0.876
1.2 0.310
Paired [t] p
138.6
p<0.05
p<0.01
13
note: bold:
137.7
asymmetric patients
i00
0.191
TABLE VC
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-M, 1
69.1 0.6 3 71.0 1.4 4 2.2 0.083
65.5 0.6 3 68.3 1.4 4 3.2 0.023*
66.0 1.5 3 70.2 0.9 5 5.1 0.002**
70.2 i.I 2 72.9 0.8 3 3.2 0.049*
71.9 0.4 3 70.6 0.7 4 2.9 0.034*
73.5 1.5 3 73.5 0.5 3 0.0 0.972
71.6 0.3 3 69.5 0.2 3 9.2 0.001"*
71.3 1.3 4 71.1 i.i 4 0.3 0.779
69.9 1.0 3 69.0 1.0 3 i.i 0.328
73.2 1.0 3 73.4 0.7 3 0.2 0.855
71.6 1.6 4 73.9 0.9 3 2.2 0.076
69.4 0.3 3 71.5 1.2 3 2.9 0.042*
72.9 i.I 3 72.0 0.3 3 1.4 0.226
64.6 1.3 3 65.0 1.2 3 0.4 0.730
X14 SDav df X14 SDav Paired [t] p
70.1 1.0 13 70.8 0.9 1.6 0.132
Co-Co-M, r
71.3 2.8 3 72.7 1.5 4 0.9 0.418
67.9 1.6 3 71.6 i.I 4 3.6 0.016"
65.6 i.I 3 69.5 0.9 5 5.4 0.002**
71.5 1.3 2 73.4 0.I 3 2.8 0.067
74.5 I.I 3 72.9 1.3 4 1.7 0.145
72.5 l.l 3 71.1 0.8 3 1.8 0.145
73.3 0.5 3 70.7 1.8 3 2.4 0.076
73.5 2.7 4 72.9 0.9 4 0.4 0.704
73.2 0.3 3 72.0 1.0 3 2.0 0.115
72.8 0.3 3 74.2 0.5 3 4.0 0.016"
69.9 1.7 4 73.9 0.4 3 3.9 0.011"
70.0 2.1 3 72.9 0.3 3 2.4 0.078
76.5 1.8 3 77.3 0.5 3 0.8 0.487
78.6 i.i 3 77.2 0.9 3 1.7 0.172
X14 df X14 Paired [t] p
72.2
p<0.05
p<0.01
13 73 0 i. 3 0 212
note- bold: asymmetric patients2
i01
TABLE VD
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-Oi,l
98.2
91.7
95.7
93.4
97.6
i003
96.2
91.8
104.3
95.9
88.7
94,8
103.0
93.4
X14
I. 1 3 96.6 I. 0 4 2 0 0. 096
0.6 3 90.9 1.3 4 1.0 0.349
2.2 3 93.3 1.4 5 1.9 0.108
1.6 2 92.5 2.0 3 0.6 0.619
0.6 3 97.1 2.0 4 0".4 0.707
0.4 3 98.5 0.7 3 3.9 0.017"
0.9 3 97.3 0.7 3 1.6 0.186
0.4 4" 98.0 i. 5 4 8.2 0.000"*
0.5 3 106.4 i.i 3 3.2 0.033*
0.6 3 97.2 0.7 3 2.4 0.076
2.2 4 94.6 2.8 3 3.1 0.026*
0.6 3 93.1 0.7 3 3.2 0.032*
0.2 3 103.6 1.0 3 1.0 0.361
0.8 3 95.6 I.i 3 2.8 0.051
SDav df X14 SDav Paired [t] p
96.1 0.9 13 96.8 1.3 1.0 0.356
Co-Co-Oi,r
15.9
15.4
17 .i
14.5
14.1
130.7
16.1
14.8
16.2
17.8
14.2
15.0
16.7
16.4
X14
0.8 3 15.0 0.2 4 2.1 0.086
0.5 3 15.2 0.6 4 0.3 0. 760
0.2 3 17.8 0.7 5 1.5 0.173
0.3 2 15.1 0.7 3 1.0 0.386
0.4 3 13.2 0.4 4 3.1 0.027*
1.7 3 131.8 0.6 3 i.i 0.348
0.7 3 15.8 0.9 3 0.5 0.632
0.7 4 15.8 0.5 4 2.4 0.053
0.4 3 14.7 0.2 3 6.4 0.003**
0.7 3 18.4 0.5 3 1.3 0.272
0.3 4 15.9 0.6 3 4.8 0.005**
0.2 3 14.7 0.I 3 2.5 0.069
0.5 3 16.1 0.5 3 1.6 0.195
0.6 3 15.7 0.5 3 1.8 0.151
df X14 Paired [t] p
15.9
p<0.05
p<0.01
note:
13
bold:
15.9
asymmetric patients
102
0.3 0.747
TABLE VE
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
MIDDLE FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Oi-Sn, 1
134.3 2.4 3 131.6 2.6 4 1.4 0.223
138.0 3.0 3 135.2 1.3 4 1.7 0.143
141.4 3.6 3 135.6 1.7 5 3.2 0.018"
134.9 1.9 2 139.3 1.4 3 3.1 0.055*
123.9 i. 0 3 130.6 2.7 4 4.0 0. 010"*
130.7 I. 7 3 131.8 0.6 3 i. 1 0. 348
138.7 0.4 3 135.1 1.6_ 3 3.7 0.021"
139.1 2.5 4 133.4 2.3 4 3.4 0.015"
123. 1 0.8 3 121.5 1.0 3 2.6 0.046"
127.8 i. 2 3 129.7 0.4 3 2.7 0. 053
137.9 4.4 4 136.1 3.8 3 0.6 0.588
137.5 2.2 3 138.7 0.6 3 0.9 0.411
130.5 3.0 3 128.0 2.4 3 I. 1 0. 331
121.4 2.3 3 126.7 i. 6 3 3.3 0. 031"
X14 SDav df X14 SDav Paired [t] p
132.8 2.2 13 132.3 1.7 0.4 0.691
Co-Oi-Sn, r
134.5
135.4
134.3
136.6
123.1
134.7
137.8
131.6
125.6
128.1
132.7
136.1
131.3
124.8
X14
0.5 3 131.1 1.6 4 3.5 0.018"
0.8 3 134.7 I.I 4 1.0 0.375
0.5 3 134.8 2.3 5 0.4 0.738
0.i 2 135.8 0.6 3 1.6 0.201
1.4 3 127.5 i.i 4 4.8 0.005**
2.6 3 132.9 0.9 3 I.i 0.323
I.i 3 137.8 i.i 3 0.i 0.944
3.1 4 127.4 1.8 4 2.4 0.057
0.2 3 125.4 0.8 3 0.4 0.733
1.3 3 127.9 0.9 3 0.i 0.889
1.3 4 131.6 1.3 3 i.i 0.323
1.2 3 136.0 1.0 3 0.i 0.943
3.1 3 130.4 0.6 3 0.5 0.667
i. 6 3 122.0 0.7 3 2.9 0. 046*
df X14 Paired [t] p
131.9
p<0.05
p<0.01
note-
13 131.1
bold: asymmetric patients
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1.5 0.162
TABLE VIA
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-Pg, 1
56.3 0.6 3 55.9 0.7 4 0.8 0.450
56.6 0.6 3 56.8 0.3 4 0.5 0.638
58.1 0.2 3 59.7 0.8 5 3.0 0.023*
58.1 0.9 2 57.3 0.i 3 1.5 0.223
58.3 0.3 3 57.2 0.3 4 4.5 0.006**
60;2 i.i 3 60.0 0.7 3 0.2 0.834
58.3 0.8 3 57.0 0.6 3 2.2 0.089
56.5 i.i 4 57.8 08 4 1.9 0.104
57.3 0.5 3 56.3 0.6 3 2.4 0.074
57.0 0.4 3 59.0 1.5 3 2.3 0.084
57.1 1.7 4 57.7 0.3 3 0.6 0.548
56.3 0.I 3 56.8 0.4 3 2.2 0.097
54.5 1.3 3 54.5 0.7 3 0.0 0.971
49.2 0.8 3 48.5 1.0 3 1.0 0.392
X14 SDav df X14 SDav Paired [t] p
56.7 0.7 13 56.8 0.6 0.2 0.860
Co-Co-Pg, r
56.1 0.7 3 56.7 1.3 4 0.7 0.518
58.4 0.I 3 59.2 0.2 4 5.7 0.002-*
57.2 0.7 3 57.5 0.9 5 0.8 0.453
61.6 0.6 2 62.0 0.4 3 0.9 0.431
59.3 0.4 3 58.2 0.2 4 4.9 0.005**
59.6 0.3. 3 59.4 0.3 3 0.9 0.407
58.1 0.7 3 59.0 0.5 3 1.7 0.168
59.1 0.8 4 58.9 0.7 4 0.8 0.478
55.5 0.5 3 55.9 0.4 3 1.3 0.263
56.9 1.0 3 56.7 1.7 3 0.2 0.870
57.8 1.0 4 57.6 0.9 3 0.2 0.824
60.9 0.6 3 61.4 0.4 3 i.i 0.334
62.8 0.8 3 63.3 1.0 3 0.7 0.551
60.0 0.5 3 62.6 0.7 3 5.2 0.007**
X14 df X14 Paired [t] p
58.8
p<0.05
p<0.01
note:
13 58.5
bold: asymmetric patients
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0.5 0.643
TABLE VIB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14) AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Ch-Pg, 1
147.7 4.3 3 145.9 2.6 4 0.7 0.519
146.5 3.8 3 145.9 i.i 4 0.3 0.751
139.6 3.3 3 133.3 2.7 5 3.0 0.025
146.1 0.8 2 147.7 1.4 3 1.4 0.250
150.7 0.6 3 152.3 2.3 4 i.I 0.305
144.7 1.6 3 139.8 1.7 3 3.7 0.021"
147.9 1.8 3 153.3 0.9 3 4.6 0. 010"*
147.7 i. 4 4 148.7 2 9 4 0.6 0. 543
152 1 i. 9 3 145. 1 i. 3 3 3 1 0. 035*
140.4 3.2 3 139.2 2.3 3 0.5 0.617
136.2 3.7 4 144.0 0.3 3 3.6 0.016"
152.6 0.9 3 151.6 i. 7 3 0.9 0. 430
146.0 2.3 3 145.0 1.0 3 0.7 0.538
120.0 i. 4 3 119.2 0.4 3 0.9 0. 433
X14 SDav df X14 SDav Paired [t] p
144.1 2.2 13 143.6 1.6 0.4 0.672
Co-Ch-Pg, r
146.5 2.4 3 144.5 5.6 4 0.6 0.601
153.6 3.9 3 148.8 3.5 4 1.7 O. 142
145.3 4.0 3 132.7 1.9 5 6.2 0.001"*
141.5 0.8 2 145.8 2.5 3 2.2 0.IIi
148.6 1.7 3 154.5 3.0 4 3.0 0.030"
135.2 3.5 3 135.0 2.7 3 0.I 0.950
150.2 2.5 3 152.9 4.7 3 0.9 0.442
147.0 4.6 4 149.6 3.2 4 0.9 0.402
156.0 4 7 3 157.5 2 6 3 0.5 0. 654
145.1 4.0 3 141.9 2.4 3 1.2 0.293
142.0 3.5 4 148.8 3.7 3 2.5 0. 054
152.0 2.3 3 151.2 1.4 3 0.5 0.614
145.8 3.5 3 148.4 2.2 3 i.i 0.327
122.5 3.6 3 121.5 0.4 3 0.5 0. 637
XI4 df X14 Paired [t] p
145.1
p<0.05
p<0.01
13 145.1 0.i 0.924
note- bold: asymmetric patients
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TABLE VIC
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X1), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-Ch, 1
58.3 0.5 3 59.4 0.4 4
61.4 0.2 3 61.9 0.8 4
61.4 1.0 3 63.4 0.8 5
61.5 0.8 2 62.1 0.7 3
61.3 0.5 3 60.6 0.5 4
644 1.3 3 64.8 0.4 3
62.5 0.i 3 59.7 0.4 3
61.9 0.7 4 63.2 09 4
60.0 1.0 3 59.7 0.7 3
62.0 0.3 3 64.1 1.2 3
64.4 0.6 4 62.2 0.4 3
61.1 0.6 3 62.1 i.i 3
59.5 i.i 3 59.6 0.6 3
54.5 0.9 3 53.9 1.2 3
X14 SDav df X14 SDav
3.4 0.020"
1.0 0.359
3.2 0.018"
0.9 0.413
1.9 0.113
0.5 0.657
12.7 0.000"*
2.2 0.073
0.5 0.627
2.8 0.047*
5.3 0.003**
1.5 0.212
0.I 0.933
0.6 0.561
Paired [t] p
61.0 0.7 13 61.2 0.7 0.5 0.646
Co-Co-Ch, r
59.9 1.4 3 60.4 2.1
62.3. 2.0 3 62.5 1.2
61.9 0.6 3 64.4 1.0
64.7 0.I 2 65.0 0.8
63.4 0.4 3 62.1 0.6
66.2 1.0 3 65.5 0.7
62.5 0.8 3 62.2 0.9
65.1 2.0 4 65.1 0.5
59.4 0.8 3 59.5 0.i
62.4 1.2 3 64.6 0.6
62.1 1.2 4 61.8 1.0
63.2 I.i 3 63.5 0.8
65 3 i. 7 3 65 5 0.2
66.9 1.0 3 69.1 0.2
X14 df X14
0.3 0.752
0.i 0.894
3.8 0.009**
0.5 0.624
3.0 0.029*
1.0 0.376
0.4 0.686
0.0 0.981
0.2 0.837
2.9 0.045
0.4 0.711
O.3 0.750
0.2 0.821
3.9 0.017"
Paired [t] P
63.2
p<0.05
p<0.01
13
note: bold:
63.7
asymmetric patients
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0.183
TABLE VID
MEAN,. STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X1), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-Sm, 1
53.0 0.7 3 53.2 0.5 4 0.4 0.713
53.8 0.9 3 53.4 0.3 4 0.9 0.410
54.2 1.3 3 56.7 0.6 5 3.9 0.008**
55.9 0.5 2 56.0 0.3 3 0.0 0.965
55.1 0.3 3 54.5 0.3 4 2.5 0.058
57.6 1.0 3 57.4 0.7 3 0.2 0.827
55.5 0.6 3 54.3 0.4 3 3,.0 0.040*
54.7 1.6 4 55.8 0.7 4 1.3 0.249
53.9 0.6 3 53.4 0.6 3 1.2 .0.308
54.5 0.4 3 56.5 1.5 3 2.2 0.095
55.2 i.i 4 55.5 0.2 3 0.4 0.695
54.7 0.4 3 54.8 0.5 3 0.4 0.738
52.9 0.7 3 52.8 0.6 3 0.I 0.904
47.7 0.6 3 45.4 1.0 3 3.4 0.026*
X14 SDav df X14 SDav Paired [t] p
54 2 0.8 13 54 3 0.6 0.2 0. 829
Co-Co-Sm, r
53.5 0.9 3 54.4 1.2 4 1.0 0.356
54.4 0.6 3 56.2 0.6 4 4.0 0.011,
55.0 0.8 3 56.1 0.5 5 2.3 0.059
59.0 0.7 2 59.3 0.2 3 0.8 0.502
55.7 0.7 3 55.5 0.6 4 0.4 0.694
57.4 0.4 3 56.5 0.6 3 2.1 0.109
55.5 0.5 3 55.8 0.8 3 0.6 0. 608
56.8 0.6 4 56.7 i. 0 4 0.1 0. 900
52.9 0.4 3 53.4 0.2 3 1.8 0.155
52.2 1.2 3 54.8 0.9 3 0.8 0.490
55.8 0.8 4 56.2 I. 1 3 0.6 0.591
58.9 0.8 3 59.2 0. 1 3 0.7 0.502
59.4 0.2 3 59.9 0.7 3 1.0 0.367
58.3 0.7 3 61.5 0.6 3 5.9 0.004**
X14 df XI4 SDav Paired It] p
56.1
p<0.05
p<0.01
note:
13 56.8
bold- asymmetric patients
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2.6 0.023*
TABLE VIE
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14).., AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time Doint 1 Time point 2
X SD N X SD N ItI p
Co-Go-Pg, 1
67.4 0.5 3 65.9 1.3 4 1.8 0.125
64.1 0.7 3 63.8 0.7 4 0.5 0.635
66.3 0.8 3 67.6 5.5 5 0.4 0.701
66.4 1.3 2 64.6 0.2 3 2.6 0.077
66.6 0.6 3 66.2 1.0 4 0.6 0.573
692 0.8 3 69.1 0.7 3 0.3 0.800
68.5 0.8 3 68.5 1.0 3 0.0 1.000
65.5 1.9 4 66.3 0.6 4 0.8 0.450
65.7 0.5 3 62.5 0.4 3 8.9 0.001"*
65.9 0.8 3 68.6 1.7 3 2.5 0.065
62.4 2.5 4 63.8 0.5 3 0.9 0.388
63.9 0.i 3 64.8 0.8 3 1.8 0.139
61.8 1.6 3 61.8 1.2 3 0.0 1.000
58.1 0.3 3 57.7 0.6 3 1.3 0.274
XI4 SDav df X14 SDav Paired [t] p
114.9 0.9 13 114.9 1.2 0.I 0.915
Co-Go-Pg, r
66.8
65.6
68.2
69.5
68.6
66.3
68.2
67.9
65.4
65.6
66.2
68.1
71.5
65.6
X14
0.3 3 66.8 0.9 4 0.i 0.955
1.2 3 68.2 0.8 4 3.6 0.015,
0.9 3 68.2 1.4 5 0.0 0.983
1.0 2 69.5 0.2 3 0.0 1.000
0.1 3 66.2 0.6 4 69 0.001-*
0.i 3 67.5 0.6 3 3.4 0.027*
1.2 3 67.9 0.3 3 0.5 0.652
1.2 4 67.8 I.i 4 0.2 0.859
i. 1 3 63.6 0.8 3 2.2 0. 089
0.8 3 65.3 1.4 3 0.3 0.766
1.0 4 65.8 0.5 3 0.8 0.479
0.5 3 69.4 0.3 3 0.9 0.417
i.I 3 71.9 0.8 3 0.5 0.663
0.8 3 67.7 0.6 3 3.6 0.023*
df X14 Paired [t] p
112.6
p<0.05
p<0.01
note:
13 112.4
bold: asymmetric patients
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0.3 0.754
TABLE VIF
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
LOWER FACE
Time point 1 Time point 2
X SD N X SD N ItI p
Co-Co-Go, 1
69.2 0.5 3 70.3 i.I 4 1.6 0.164
77.3 0.5 3 78.3 0.9 4 1.8 0.125
76.9 1.8 3 76.8 0.7 5 0.2 0.874
76.6 0.I 2 77.4 0.1 3 13.8 0.001"*
76.4 1.3 3 72.9 1.3 4 3.5 0.017"
76.0 0.9 3 76.0 0.6 3 0.1 0.961
71.1 0.9 3 67.5 1.2 3 4.2 0.014"
74.6 2.0 4 77.1 1.7 4 1.9 0.112
72.8 0.5 3 75.4 0.8 3 4.7 0.009**
72.0 0.6 3 72.7 1.3 3 0..9 0.432
79.6 0.8 4 77.0 0.3 3 5.3 0.003**
76.6 0.3 3 76.7 1.6 3 0.i 0.893
77.6 1.6 3 78.5 1.3 3 0.8 0.493
68.7 2.2 3 69.1 2.6 3 0.2 0.838
XI4 SDav df X14 SDav Paired [t] p
74.7 i. 0 13 74.7 i. 1 0.0 0. 968
Co-Co-Go, r
69.9 1.2 3 71.1 1.4 4 1.2 0.297
76.6 1.7 3 75.6 1.2 4 1.0 0.379
72.6 0.9 3 75.2 0.7 5 4.5 0.004**
77.9 0.6 2 76.8 0.8 3 1.8 0.167
75.2 1.3 3 75.8 1.3 4 0.6 0.580
79.3 0.9 3 77.5 0.6 3 2.9 0.043
72.6 0.3 3 73.8 0.9 3 2.1 0.I01
75.1 4.0 4 76.0 1.2 4 0.4 0.674
69.0 0.9 3 73.2 2.2 3 3.1 0.036*
71.5 1.4 3 73.4 0.6 3 2.1 0.104
74.5 2.2 4 74.0 2.3 3 0.3 0.773
78.2 0.8 3 79.7 1.3 3 1.7 0.173
77.7 0.5 3 79.0 0.9 3 2.1 0.I00
77.7 0.5 3 80.4 1.4 3 3.3 0.031"
X14 df X14 Paired [t] p
74.8
p<0.05
p<0.01
13 75.8 2.2 0.045*
note" bold: asymmetric patients
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TABLE VIIA
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
NOSE
Time point 1 Time point 2
X SD N X SD N ItI p
Sbal-Pn, 1
31.8 0.6 3 33.9 1.5 4 2.2 0.079
33.9 0.5 3 34.0 1.2 4 0.2 0.865
37.4 0.6 3 37.7 0.6 5 0.7 0.537
39.1 1.2 2 38.2 1.0 3 0.9 0.440
35.0 0.9 3 32.5 0.8 4 3.9 0.011"
34 .2 0.8 3 33.7 0.2 3 1.0 0. 387
27.5 0.5 3 27.9 0.4 3 0.9 0.400
31.2 1.0 4 31.5 0.8 4 0.5 0.656
33.0 1.5 3 31.1 0.9 3 1.9 0.135
30.2 0.5 3 29.0 0.8 3 2.3 0.083
31.1 0.6 4 29.7 0.6 3 3.0 0.029*
33..9 0.5 3 34.5 0.6 3 1.3 0.261
32.9 0.9 3 32.9 1.6 3 0.0 0.977
28.7 0.3 3 29.8 0.8 3 2.3 0.085
X14 SDav df XI4 SDav Paired [t] p
32.9 0.7 13 32.6 0.8 0.8 0.462
Sbal-Pn, r
32.3 i.i 3 32.7 0.3 4 0.8 0.477
32.7 0.8 3 32.9 0.2 4 0.5 0.651
33.9 0.3 3 35.3 1.5 5 1.5 -0.174
37.9 0.8 2 38.2 1.0 3 0.4 0.747
33.5 0.2 3 33.7 1.4 3 0.2 0.824
34.8 1.6 3 34.0 0.2 3 0.9 0.426
27.6 1.2 3 27.3 1.5 3 0.2 0.823
30.9 i. 1 4 30.1 i. 7 4 0.8 0. 468
35.4 1.6 3 33.7 1.0 3 1.5 0.205
29.4 0.5 3 29.9 1.2 3 0.7 0.541
30.8 1.6 4 30.5 1.3 3 0.3 0.787
34.8 0.9 3 34.8 0.4 3 0.0 1.000
33.6 1.4 3 32.1 2.9 3 0.89 0.476
28 9 0 6 3 27 8 0.6 3 2 4 0. 075
XI4 df XI Paired [t] p
32.6
p<0.05
p<0.01
13 32.4
note- bold: asymmetric patients
ii0
i.I 0.293
TABLE VIIB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
NOSE
Time point 1 Time point 2
X SD N X SD N ItI p
Sbal-SbaL
29.9 3.2 3 27.3 1.2 4 1.5
34.8 1.0 3 34.8 0.9 4 0.0
33.5 0.7 3 32.3 I.I 5 1.7
33.0 0.i 2 32.4 0.7 3 1.2
27.4 1.2 3 27.1 0.8 4 0.4
35.9 0.8 3 36.1 1.0 3 0.3
28.9 1.0 3 28.1 1.0 3 0.9
32.1 1.2 4 30.1 1.6 4 2.0
30.6 3.6 3 28.8 2.2 3 0.7
25.2 0.4 3 23.7 0.8 3 3.0
29.1 i.i 4 26.8 0.5 3 3.3
29.6 0.6 3 31.7 0.8 3 3.5
34.9 2.2 3 34.4 1.2 3 0.4
27.0 0.8 3 26.5 0.5 3 0.9
XI4 SDav df X14 SDav Paired [t]
0.184
0.974
0.138
0.302
0.724
0.795
0.418
0.097
0.495
0.038*
0.021-
0.024*
0.742
0.415
30.9 1.3 13 30.0 1.0 2.6
p<0.05
p<0.01
note- bold: asymmetric patients
0.022*
Iii
TABLE VIIIA
MEAN,, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
NOSE
Time point 1 Time point 2
X SD N X SD N ItI p
Sb-Sb-Pn, 1
65.9 2.8 3 63.6 2.8 4 I.I 0.318
56.8 0.9 3 57.2 1.2 4 0.5 0.658
56.9 1.7 3 60.0 2.3 5 2.0 0.094
62.9 0.i 2 65.3 3.0 3 1.1 0.368
63.5 2.1 3 68.1 1.5 4 3.4 0.018"
59.4 2.7 3 58.0 1.0 3 0.8 0.451
58.4 1.4 3 58.4 2.6 3 0.0 0.985
58.2 1.9 4 58.5 4.6 4 0.0 0.939
67.5 3.3 3 68.2 1.8 3 0.3 0.774
63..4 i.I 3 68.2 2.6 3 3.0 0.041"
61.6 3.9 4 65.2 4.2 3 1.2 0.297
6-6.1 2.6 3 63.2 1.4 3 1.7 0.166
59.2 2.7 3 56.9 5.1 3 0.7 0.520
62.5 2.3 3 58.9 2.7 3 1.8 0.146
XI4 SDav df XI4 SDav Paired [t] p
61.6 2.1 13 62.1 2.6 0.7 0.502
Sb-Sb-Pn, r
64.4 3.6 3 68.2 4.6 4 1.2 0.296
60.2 1.7 3 60.2 2.2 4 0.0 0.996
67.3 I.i 3 67.7 2.0 5 0.3 0.784
66.3 1.4 2 64.4 1.6 3 1.3 0.284
69.4 0.7 3 63.6 0.8 4 9.8 0.000"*
57.9 3.2 3 57.4 0.7 3 0.3 0.803
58.4 2.1 3 60.4 3.3 3 0.9 0.420
59.6 3.8 4 63.1 1.5 4 1.7 0.137
59.6 2.8 3 59.3 4.7 3 0.i 0.937
66.6 0.4 3 64.3 0.2 3 i0.4 0.000"*
62.3 0.7 4 62.0 2.2 3 0.2 0.818
62.8 I. 0 3 62.4 2.2 3 0.3 0. 754
57.5 4.4 3 59.4 5.8 3 0.5 0.668
61.7 0.8 3 66.5 2.3 3 3.4 0.028*
XI4 df X14 Paired [t] p
62.4
p<0.05
p<0.01
13 62.8
note- bold: asymmetric patients
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0.5 0.643
TABLE VIIIB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14) , AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
NOSE
Time Doint 1 Time point 2
X SD N X SD N ItI p
Sb-Pn-Sb
49.7 i.i 3 48.3 2.6 4 0.9
63.0 i.i 3 62.6 2.0 4 0.3
55.8 0.9 3 52.4 2.4 5 2.3
50.8 1.6 2 50.3 1.4 3 0.4
47.1 1.3 3 48.3 1.4 4 i.i
62.7 0.6 3 64.5 1.5 3 2.0
63.2 0.7 3 61.2 1.6 3 1.9
6,2.2 3.0 4 58.5 3.7 4 1.6
52.9 4.4 3 52.5 4.5 3 0.i
50.0 1.2 3 47.5 2.8 3 1.5
56.2 4.1 4 52.8 2.1 3 1.3
51.0 1.7 3 54.4 1.6 3 2.6
63.2 5.0 3 63.7 2.5 3 0.i
55.8 2.5 3 54.6 1.0 3 0.8
X14 SDav df X14 SDav Paired
0.424
0.787
0.061
0.730
0.302
0.120
0.127
0.168
0.925
0.213
0.259
0.060
0.900
0.479
[t] p
56.0 2.1 13 55.1 2.2 1.5
p<0.05
p<0.01
note: bold: asymmetric patients
0.150
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TABLE IXA
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X1), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
MOUTH
Time point 1 Time point 2
X SD N X SD N ItI p
Ch-Ls, 1
27.1 i.i 3 27.6 1.3 4 0.6
34.1 i.i 3 33.4 1.9 4 0.5
35.2 0.4 3 31.4 0.9 5 6.7
29.3 1.3 2 30.8 1.5 3 i.i
29.8 0.4 3 30.0 1.5 4 0.3
37 .7 0.6 3 37.9 0.4 3 0.4
29.8 0.4 3 28.3 0.9 3 2.7
33.2 i. 8 4 33.8 i.0 4 0.6
31.0 1.4 3 30.7 0.8 3 0.3
33.1 1.2 3 30.5 0.6 3 3.4
32.8 1.3 4 29.8 1.0 3 3.3
32.3 0.5 3 33.7 1.5 3 1.6
28.8 0.3 3 28.6 1.6 3 0.3
28.8 1.6 3 29.5 1.8 3 0.6
X14 SDav df X14 SDav Paired
0.604
0.613
0. 001,*
0.345
0.809
0.720
0.053
0.598
0.758
0.029*
0.021,
0.188
0.791
0.611
It] p
31.6 1.0 13 31.1 1.2 i.I 0.275
Ch-Ls, r
29.7 0.4 3 26.8 2.6 4
31.6 3.0 3 30.4 2.8 4
29.6 2.7 3 29.8 2.8 5
29.0 0.5 2 29.9 2.3 3
32.5 0.4 3 32.0 0.8 4
38.4 3.4 3 39.1 2.4 3
32.5 0.4 3 29.7 0.3 3
34.2 1.4 4 34.7 3.0 4
32.4 2.0 3 33.0 i.i 3
34.6 1.3 3 34.9 2.7 3
30.0 3.6 4 31.6 2.4 3
30.4 2.0 3 31.2 1.0 3
32.3 2.5 3 32.3 3.1 3
29.4 1.2 3 29.7 0.3 3
X14 df Xl
1.9 0.i19
0.5 0.619
0.i 0.932
0.5 0.627
1.0 0.366
0.3 0.776
10.7 0. 000"*
0.3 0.764
0.5 0.649
0.2 0.842
0.6 0.558
0.7 0.549
0.0 0.978
0.5 0.674
Paired [t] p
31.9
p<0.05
p<0.01
13 31.8
note" bold: asymmetric patients
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0.3 0.768
TABLE IXB
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
MOUTH
Time Doint 1 Time point 2
X SD N X SD N ItI p
Ch-Li, 1
25.0 0.4 3 26.9 0.6 4 5.1
29.8 0.9 3 31.9 i.i 4 2.7
28.9 6.2 3 31.4 0.9 5 0.9
28.1 0.I 2 30.8 1.5 3 2.4
27.9 0.6 3 28.6 1.0 4 1.0
31.1 1.4 3 30.5 1.7 3 0.5
27.9 0.6 3 25.1 1.4 3 3.2
31.7 2.1 4 32.3 0.5 4 0.6
28.5 2.2 3 28.8 1.2 3 0.2
30.4 1.0 3 28.4 0.6 3 3.0
31.8 1.2 4 28.4 1.3 3 3.5
32.6 0.7 3 33.1 1.4 3 0.6
28.4 0.7 3 28.6 1.6 3 0.2
25.0 1.8 3 25.6 i.i 3 0.5
X14 SDav df X14 SDav Paired
0.004**
0.045*
0.398
0.093
0.343
0.661
0.033*
0.590
0.863
0.040*
.0.018.
0.607
0.853
0.655
[t] p
29.1 1.4 13 29.3 i.i 0.5 0.647
Ch-Li, r
27.5 0.8 3 24.1 2.5
31.9 3.7 3 26.4 2.7
27.9 5.4 3 29.0 2.6
25.8 0.4 2 27.3 2.3
27.5 1.2 3 27.6 0.9
34.0 3.8 3 34.1 1.2
27.5 1.2 3 26.0 0.8
30.9 4.6 4 33.0 2.5
30.8 1.3 3 30.1 0.9
31.6 2.0 3 33.0 3.5
28.8 2.9 4 28.4 2.0
28.8 1.9 3 29.1 1.0
24.4 5.3 3 46.6 1.6
23.9 0.8 3 22.6 i.i
XI4 df X14
2.2 0.081
2.3 0.072
0.4 0.695
0.9 0.432
0.i 0.890
0.0 0.967
1.8 0.146
0.8 0.466
0.8 0.460
0.6 0.575
0.2 0.837
0.2 0.838
6.9 0.002**
1.7 0.166
Paired [t] p
28.7
p<0.05
p<0.01
note:
13 29.8
bold: asymmetric patients
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0.517
TABLE IXC
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X1), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR LINEAR MEASUREMENTS AT T1 AND T2
MOUTH
Time point 1 Time point 2
X SD N X SD N ItI p
Ch-Ch
44.1 1.9 3 43.5 2.1 4 0.4
52.0 3.4 3 49.6 2.7 4 i.i
50.3 1.2 3 47.2 1.9 5 2.6
44.8 i.i 2 47.2 2.7 3 i.i
46.1 1.4 3 46.4 1.5 4 0.3
-53.0 1.8 3 54.0 1.8 3 0.7
42,4 0.8 3 41.5 1.3 3 i.i
52.8 1.8 4 53.8 1.7 4 0.8
48.3 2.5 3 48.5 2.0 3 0.i
48..7 0.9 3 50.4 2.1 3 1.3
50.0 3.0 4 44.5 2.4 3 2.6
48.8 0.9 3 49.1 1.0 3 0.4
45.6 5.2 3 46.6 1.6 3 0.3
39.6 0.5 3 40.2 i.i 3 0.9
X14 SDav df X14 SDav Paired
0.688
0.339
0.043*
0.336
0.748
0.529
0.338
0.463
0.906
0.268
0.051
0.724
0.767
0.441
[t] p
47.6 1.9 13 47.3 1.8 0.5
p<0.05
p<0.01
note- bold: asymmetric patients
0.621
116
TABLE XA
MEAN, STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
MOUTH
Time point 1 Time point 2
X SD N X SD N ItI p
Ch-Ch-Ls, 1
41.0 2.8 3 36.2 3.0 4 2.1
36.0 1.0 3 37.0 3.4 4 0.5
35.2 3.3 3 38.2 2.7 5 1.4
39.5 2.2 2 38.1 1.7 3 0.8
44.5 1.9 3 43.1 2.6 4 0.8
46.4 3.3 3 46.4 2.2 3 0.0
43.8 1.0 3 45.7 2.4 3 1.2
38.8 4.6 4 38.9 3.2 4 0.0
41.5 3.5 3 42.2 1.0 3 0.3
45.1 i.I 3 42.9 2.3 3 1.5
35.4 4.2 4 45.1 1.5 3 3.7
37.5 2.2 3 39.0 1.7 3 0.9
45.0 2.3 3 42.9 4.1 3 0.8
47.7 1.7 3 47.5 1.6 3 0.I
X14 SDav df X14 SDav Paired
0.087
0.653
0.213
0.500
0.477
0.989
0.284
0.966
0.749
0.203
0.014.
0.418
0.486
0.909
[t] p
41.2 2.5 13 41.7 2.4 0.5 0.649
Ch-Ch-Ls, r
37.0 4.8 3 37.8 4.4
39.7 4.6 3 41.4 3.3
43.2 0.2 3 40.8 2.8
40.0 0.8 2 39.6 1.0
40.0 1.5 3 39.8 1.9
45.4 3.0 3 44.5 1.3
41.4 2.1 3 42.9 0.6
37.5 4.4 4 37.8 1.8
39.2 0.6 3 38.7 2.3
42.9 2.8 3 36.6 1.4
39.2 2.6 4 41.9 2.2
40.3 1.3 3 42.8 2.9
39.6 5.7 3 36.9 1.7
46.4 2.7 3 47.1 3.3
X14 df XI
0.2 0.839
0.6 0.578
1.4 0.200
0.4 0.699
0.2 0.866
0.5 0.670
1.2 0.296
0.i 0.911
0.4 0.730
3.5 0.025*
1.4 0.210
1.4 0.243
0.8 0.482
0.3 0.780
Paired [t] p
40.8
p<0.05
p<0.01
note:
13 40.6
bold: asymmetric patients
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0.724
TABLE XB
MEAN, STANDARD .DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
MOUTH
Time point 1 Time point 2
X SD N X SD N ItI p
Ch-Ch-Li, 1
34.6 1.8 3 29.5 4.4 4 1.9
33.9 2.2 3 28.4 1.6 4 3.9
30.8 8.1 3 31.0 1.9 5 0.I
32.1 i.I 2 31.8 1.0 3 0.3
33.5 0.6 3 33.7 0.9 4 0.3
37.5 4.0 3 35.5 0.5 3 0.8
32,3 3.5 3 35.1 3.2 3 1.0
31.7 6.7 4 34.9 2.1 4 0.9
37.2 3.1 3 35.3 1.6 3 0.9
39..i 3.9 3 37.9 4.0 3 0.4
36.2 2.6 4 41.9 2.2 3 3.0
34.8 1.9 3 35.1 2.6 3 0.2
28.2 3.1 3 30.2 1.9 3 1.0
35.0 1.3 3 31.4 3.5 3 1.7
X14 SDav df X14 SDav Paired
0.121
0.011,
0.949
0.769
0.807
0.454
0.370
0.390
0.398
0.728
0.029*
0.880
0.392
0.171
[t] p
34.1 3.1 13 33.7 2.2 0.4 0.669
Ch-Ch-Li, r
31.2 2.0 3 33.4 3.8
31.7 4.0 3 35.2 2.9
36.2 2.1 3 32.7 2.3
35.3 2.1 2 33.8 1.0
34.1 3.0 3 35.0 2.6
33.6 2.2 3 31.3 1.6
31.5 0.5 3 35.0 3.2
32.3 3.5 4 34.2 1.6
33.9 1.4 3 33.6 2.9
37.3 3.2 3 32.0 0.6
36.2 2.6 4 38.4 1.0
40.2 2.0 3 40.9 3.1
34.1 5.1 3 32.8 3.5
36.9 3.2 3 35.9 1.0
X14 df X14
0.9 0.418
1.4 0.223
2.1 0.077
1.1 0.348
0.4 0.677
1.5 0.212
1.9 0.132
1.0 0.366
0.1 0. 906
2.9 0.045*
1.4 0.230
0.3 0.768
0.4 0.728
0.6 0.611
Paired It] p
34.6
p<0.05
p<0.01
note:
13 34.6
bold: asymmetric patients
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0.0 0.976
TABLE XC
MEAN,.STANDARD DEVIATION, P VALUE FOR UNPAIRED STUDENT T-TEST
FOR EACH PATIENT AND AVERAGE MEAN (X14), AVERAGE SDAv
AND P VALUE FOR PAIRED T-TEST
FOR ANGULAR MEASUREMENTS AT T1 AND T2
MOUTH
Time point 1 Time point 2
X SD N X SD N ItI p
Ch-Ls-Ch
102.2 7.3 3 106.0 4.8 4 0.8
104.3 4.5 3 101.6 2.0 4 i.i
101.6 3.2 3 I01.i 1.5 5 0.4
100.6 1.3 2 102.3 i.I 3 1.6
95.4 3.3 3 97.1 4.1 4 0.6
88.2 0.4 3 89.0 1.7 3 0.8
94.7 2.0 3 91.4 2.7 3 1.7
103.8 8.8 4 103.3 2.9 4 0.i
99.4 4.1 3 99.2 3.3 3 0.i
92.0 2.5 3 100.5 I.i 3 5.4
105.4 4.4 4 93.0 0.9 3 4.7
102.2 0.9 3 98.2 2.9 3 2.3
95.4 8.0 3 I00.i 4.8 3 0.9
85.9 3.9 3 85.4 3.2 3 0.2
X14 SDav df X14 SDav Paired
0.438
0.323
0.736
0.207
0.598
0.461
0.168
0.926
0.951
0.006**
0.005**
0.085
0.432
0.863
[t] p
97.9 3.9 13 97.7 2.6 0.2 0.875
Ch-Li-Ch
114.3 3.9 3 117.2 7.7
114.4 3.3 3 116.6 1.8
113.0 9.7 3 116.3 3.4
112.6 3.3 2 114.4 0.5
112.4 3.5 3 111.3 3.2
108.9 2.1 3 113.2 1.2
116.2 3.2 3 108.6 6.2
116.0 9.2 4 110.9 1.9
109.0 3.8 3 iii.0 4.4
103.6 6.2 3 109.8 3.0
111.5 4.3 4 103.2 0.8
105.0 0.7 3 104.0 4.5
117.7 3.3 3 117.1 2.3
108.1 2.8 3 112.8 4.2
X14 df X14
0.6 0.580
1.2 0.300
0.7 0.500
1.0 0.378
0.4 0.681
3.1 0.038*
1.9 0.129
i.i 0.318
0.6 0.571
1.6 0.191
3.2 0.024*
0.4 0.726
0.3 0.786
1.6 0.185
Paired [t] p
111.6
p<0.05
p<0.01
13
note: bold:
111.9
asymmetric patients
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0.2 0.830
